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PREFACE 
 
Water and water-related services are major components of the human wellbeing, and as such are 
major factors of socio-economic development in Europe; yet freshwater systems are under threat 
by a variety of stressors (organic and inorganic pollution, geomorphological alterations, land 
cover change, water abstraction, invasive species and pathogens).  

The relevance of water scarcity as a stressor is more important in semi-arid regions, such as the 
Mediterranean basin, which are characterized by highly variable river flows and the occurrence 
of low flows. This has resulted in increases in frequency and magnitude of extreme flow events. 
Further, in other European regions, water demand exceeds water availability and water scarcity 
has become an important management issue.  

Water scarcity is most commonly associated with inappropriate water management and resulting 
river flow reductions. It has become one of the most important drivers of change in freshwater 
ecosystems. Conjoint occurrence of a myriad of stressors (chemical, geomorphological, 
biological) under water scarcity will produce novel and unfamiliar synergies and most likely 
very pronounced effects. Stressors are hierarchically arranged in terms of intensity, frequency 
and scale, and their effects can be predicted to be from transient to irreversible. Most ecosystems 
are simultaneously exposed to multiple-stress situations. 

GLOBAQUA, and its partner projects MARS and SOLUTIONS, have assembled 
multidisciplinary teams of scientists in the fields of hydrology, chemistry, ecology, 
ecotoxicology, economy, sociology, engineering and modeling to study the interaction of 
multiple stressors within the frame of strong pressure on water resources. The aim is to achieve a 
better understanding how current management practices and policies could be improved by 
identifying the main drawbacks and alternatives. 

The interdisciplinary conference is a platform for exchange and discussion of innovative 
scientific findings and methods in aquatic ecosystems research. It focuses on novel methods of 
environmental monitoring and modeling of various scopes, scales and structural complexity to 
improve process understanding in the interconnectivity and feedback mechanisms of climate 
(regional), land use (regional), economy, hydrology and hydraulics (catchment and river), water 
quality (river), biology and aquatic ecosystems (reach scale).  

Further, the conference builds the bridge to the scientific assessment of implications on policy 
and management – it is thus structured in four sessions: STRESSORS, RECEPTORS, 
IMPLICATIONS and MANAGEMENT & POLICY. 

We are very pleased to welcome you to Freising. We hope you will enjoy your participation at 
the First GLOBAQUA International Conference and have an exciting and profitable experience. 
Finally, we would like to thank all speakers, participants, supporters and sponsors for their 
contributions that for sure will make this event a very remarkable and fruitful meeting. Without 
your cooperation this symposium would be neither possible nor successful. 

 

Ralf Ludwig and Damià Barceló  

 

Freising, 11 January 2016 
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Monday, 11th January 2016 

  
REGISTRATION and INTRODUCTION 
Chairperson: Ralf Ludwig 
  

8.00 – 9.00 Registration 
  

9.00 – 9.15 Welcome  
Martin Reichel, Damià Barceló and Ralf Ludwig  
1Martin Reichel – CEO/BayFOR (Bavarian Research Alliance GmbH), Munich, Germany 
2Environmental Chemistry Department, IDAEA-CSIC, Barcelona, Spain  
3Department of Geography, Ludwig-Maximilians-Universität, Munich, Germany 

  
9.15 – 10.00 KEYNOTE: Temporal variability of surface water quality: Implications for 

the management of drinking water 
Manuel Rodríguez-Pinzon 
Université Laval, Ville de Québec, Candada 

  
10.00 – 10.30 Introduction to posters 

  
10.30 – 10.45  Coffee break/Poster session 
  
Session I: STRESSORS 
Chairperson: Nives Ogrinc 
  
10.45 – 11.15 INVITED SPEAKER: SOLUTIONS for present and future emerging pollutants 

in land and water resources management 
Werner Brack  
UFZ Helmholtz Centre for Environmental Research, Leipzig, Germany 

  
11.15 – 11.35 Modelling integrated scenarios of changes in land use, climate and water 

management with the CLUE model 
Verena Huber García, Swen Meyer, David Gampe and Ralf Ludwig 
Department of Geography, Ludwig-Maximilians-Universität, Munich, Germany 

  
11.35 – 11.55 Recent Trends in the Ebro River Basin: Is It All „Just“ Climate Change? 

Stefanie R. Lutz and Ralf Merz 
Department Catchment Hydrology, UFZ Helmholtz Centre for Environmental Research, Halle 
(Saale), Germany 

  
11.55 – 12.15 Particle related pollutant transport in catchments: Impact of 

urbanization, fluxes and dynamics 
Hermann Ruegner, Marc Schwientek and Peter Grathwohl 
Eberhard Karls University of Tübingen, Tübingen, Germany 

  
12.15 – 13.45  Lunch and Poster session 
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Session I: STRESSORS 
Chairperson: Werner Brack 
  
13.45 – 14.05 Variability in snow-depth time series within the Adige catchment: 

anomalies and changes in the last century.  
Giorgia Marcolini1,2, Alberto Bellin1, Markus Disse2 and Gabriele Chiogna2  
1Dip. di Ingegneria Civile Ambientale e Meccanica, University of Trento, Trento, Italy  
2Fac. of Civil Geo and Environ. Engineering, Technical University of Munich, Munich, Germany 

  
14.05 – 14.25 Hydrology and nutrient variations in the Sava River Basin: stable isotope 

approach 
Nives Ogrinc1,2, Janja Vrzel2,3, David Kocman1 and Polona Vreča1  
1Dept. of Environmental Sciences, Jožef Stefan Institute, Ljubljana, Slovenia 
2Jožef Stefan International postgraduate school, Ljubljana, Slovenia 
3Ecological Engineering Institute, Maribor, Slovenia 

  
14.25 – 14.45 Lagrangian tracer aided sampling approach in assessing the fate of 

wastewater-related contaminants in rivers  
Gaëlle Guillet, Julia Knapp, Marc Schwienteck, Sylvain Merel, Olaf Cirpka, 
Christian Zwiener and Peter Grathwohl 
Centre for Applied Geoscience, University of Tübingen, Tübingen, Germany 

  
14.45 – 15.05 Ecotoxicological risk assessment and removal of pharmaceutical 

compounds in 12 WWTPs 
Carmen Fernández-López1, José Manuel Guillén1, I.M. Martínez-Alcalá1 and 
John R. Parsons2 
1UCAM, Catholic University of Murcia, Murcia, Spain 
2IBED, University of Amsterdam, Amsterdam, The Netherlands 

  
15.05 – 15.30 Coffee break/Poster session 
  
Session II: RECEPTORS 
Chairperson: Isabel Muñoz 
  
15.30 – 16.00 INVITED SPEAKER: Fish responses to multiple stressors: combined effects 

of water scarcity and oxygen deplection 
M. Teresa Ferreira1, Paulo Branco1, José Santos1, Susana Amaral1, Rafaela 
Schinegger2 and Stefan Schmutz2 
1Department of Natural Resources, Environment and Landscape, University of Lisbon, Lisbon, 
Portugal 
2Institute of Hydrobiology and Aquatic Ecosystem Management, University of Natural 
Resources and Life Sciences, Vienna, Austria 

  
16.00 – 16.20 Accounting for the effects of combined gradients of stressors on 

Mediterranean streams 
Sergi Sabater1,2, Vicenç Acuña1, Carles Borrego1,2, Arturo Elosegi3, Ladislav 
Mandaric1, Jordi-René Mor1,4, Isabel Muñoz4, Olatz Pereda3, Mira Petrovic1, 
Jessica Subirats1 and Daniel von Schiller3 
1Catalan Institute for Water Research, Girona, Spain  
2Institute of Aquatic Ecology, University of Girona, Girona, Spain 
3University of the Basque Country, Leioa, Spain  
4Department of Ecology, University of Barcelona, Barcelona, Spain 
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16.20 – 16.40 Interaction between flow intermittence and pollution on stream 
ecosystem functioning 
Olatz Pereda1, Daniel von Schiller1, Vicenç Acuña2, Jordi René Mor2, Sergi 
Sabater2,3 and Arturo Elosegi1 

1Faculty of Science and Technology, the University of the Basque Country, Bilbao, Spain 
2Catalan Institute for Water Research (ICRA), Girona, Spain 
3Institute of Aquatic Ecology, University of Girona, Girona, Spain 

  
16.40 – 17.00 Processes controlling aquatic quality during drying and rewetting events 

in a Mediterranean temporary river  
Nikolaos Th. Skoulikidis, Leonidas Vardakas, Yiorgos Amaxidis and Panagiotis 
Michalopoulos 
Hellenic Centre for Marine Research, Attica, Greece 

  
17.00 – 17.15 Tea time 

  
Session II: RECEPTORS 
Chairperson: Sebastian Birk 
  
17.15 – 17.35 Nutrients and Sediments – two of the major pollutants of freshwater 

stream ecosystems – impact upon epilithic algae 
Bassam Al-Yaseen 

University of Leicester, Leicester, UK 
  

17.35 – 17.55 Evaluating the stressor effects on macroinvertebrate diversity in Adige 
headwaters 
Isabel Muñoz1, A. Esnaola1, Nicola Ballerini2, Andrea Butturini1, Karina Cano 
Paoli3, Gabriele Chiogna4, Elena Diamantini3, Bruno Majone3, Stefano Mallucci3, 
Ladislav Mandaric5, Angela Sacchi2, Mira Petrovic5, Elisa Stella3 and Alberto Bellin3 
1Universitat de Barcelona, Barcelona, Spain 
2Aeiforia, Fidenza, Italy 
3University of Trento, Trento, Italy 
4Technishe Universität München, München, Germany 
5ICRA, Catalan Institute for Water Research, Girona, Spain 

  
17.55 – 18.15 Aquatic macroinvertebrates assemblages in the Sava River-2014 Case Study 

Bojana Tubić1, Vanja Marković1, Marija Ilić1 Ana Atanacković1, Jelena Čanak 
Atlagić1, Đurađ Mološević2, Vladica Simić3 and Momir Paunović1 
1Institute for Biological Research “Siniša Stanković”, University of Belgrade, Belgrade, Serbia 
2Faculty of Science and Mathematics, University of Niš, Niš, Serbia 
3Institute of Biology and Ecology, University of Kragujevac, Kragujevac, Serbia 

  
18.15 – 18.35 HyTEC – first results from an experimental facility to study the effect of 

hydro- and thermopeaking on fish, macroinvertebrates and 
microphytobenthos within the MARS project  
Elisabeth Bondar-Kunze1, Veronica Kasper1, Lisa Schülting2, Wolfram Graf2, 
Stefan Auer2, Stefan Schmutz2, Bernhard Zeiringer2 and Thomas Hein1,2 

1WasserCluster Lunz, Lunz/See, Austria 
2University of Natural Resources and Life Sciences, Vienna, Austria 

  
18.45 – 20.00 Walking Freising - Guided Tour 
  

20:00 Conference Dinner 
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Tuesday, 12th January 2016 

  
Session III: IMPLICATIONS 
Chairperson: Phoebe Koundouri 
  

9.00 – 9.30 INVITED SPEAKER: Towards an evidence based aquatic restoration 
approach 
Jürgen Geist 
Aquatic Systems Biology, Technische Universität München, Munich, Germany 

  
9.30 – 9.50 A methodological approach for evaluating ecological flows using 

ecological indicators: A case study in River Pinios, Greece  
Konstantinos Stefanidis, Yiannis Panagopoulos, Alexandros Psomas and Maria 
Mimikou  
Laboratory of Hydrology and Water Resources Management, National Technical University of 
Athens, Athens, Greece 

  
9.50 – 10.10 Impact of multiple pressures on the ecological status of European rivers  

Bruna Grizzetti, Alberto Pistocchi, Camino Liquete, Ángel Udias, Faycal 
Bouraoui and Wouter van de Bund 
European Commission Joint Research Centre (JRC), Water Resources Unit, Ispra, Italy 

  
10.10 – 10.30 Dynamics and stability of River Ecosystems under variable environmental 

conditions: Iberian rivers as case study 
Laia Sabater-Liesa1, Antoni Ginebreda1, Isabel Muñoz2, Rafael Marcé and 
Damià Barceló1,3 

1IDAEA-CSIC, Institute of Environmental Assessment and Water Research, Barcelona, Spain 
2University of Barcelona, Department of Ecology, Barcelona, Spain 
3ICRA, Catalan Institute for Water Research, Girona, Spain 

  
10.30 – 10.45  Coffee break/Poster session 
  
Session III: IMPLICATIONS 
Chairperson: Alberto Pistocchi 
  
10.45 – 11.05 Constraints to the reuse of reclaimed wastewater for irrigation in 

Morocco: A case study of a golf course in Agadir 
Hajar Benlouali1, Moulay Cherif Harrouni1 and Redouane Choukr-Allah1,2 

1Hassan II Institute of Agronomy and Veterinary Medicine, Agadir, Morocco 
2International Centre for Biosaline Agriculture, Dubai, UAE 

  
11.05 – 11.25 Change in terrestrial and aquatic habitat quality in 4 European river 

basins under future irrigation scenarios 
Marta Terrado1, Sergi Sabater1,2, Laura Vergoñós1, Leonidas Vardakas3, 
Momir Paunović4 and Vicenç Acuña1  
1Catalan Institute for Water Research, Girona, Spain  
2Institute of Aquatic Ecology, University of Girona, Girona, Spain 
3Hellenic Center for Marine Research, Attica, Greece 
4University of Belgrade, Institute for Biological Research Siniša Stanković, Belgrade, Serbia 
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11.25 – 11.45 Participative valuation of ecosystem services of aquatic ecosystems: 
Evrotas river basin Greece 
Philippe Ker Rault and Joke Luttik 
Alterra Wageningen Univeristy and Research, Wageningen, Netherlands 

  
11.45 – 12.05  The Economic Value of Restoration based on the Ecosystem Services 

Approach  
Phoebe Koundouri1,2,3 and Iannis Souliotis1,3 
1Athens University of Economics and Business, Athens, Greece 
2London School of Economics, London, UK 
3International Centre for Researcher on the Environment and the Economy (ICRE8), Athens, 
Greece 

  
12.05 – 13.45 Lunch and Poster session 
  
Session IV: MANAGEMENT and POLICY 
Chairperson: Adriaan Slob 
  
13.45 – 14.15  INVITED SPEAKER: The MARS project – status quo on the European scale 

analyses and the multiple stressor tools’ development 
Sebastian Birk, Daniel Hering and Christian Feld 

Aquatic Ecology, University of Duisburg-Essen, Essen, Germany 
  

14.15 – 14.35  The ESSESMENT project: setting the scene for the ecological 
management of a multiple-stressed region.  
Yaron Hershkovitz1,2, Daniel Hering1 and Gideon Gal3 

1Aquatic Ecology, University of Duisburg-Essen, Essen, Germany 
2The Steinhardt Museum of Natural History and National Research Center, Tel Aviv University, 
Tel Aviv, Israel 
3Y. Allon Kinneret Limnological Laboratory, Israel Oceanographic and Limnological Research, 
Haifa, Israel 

  
14.35 – 14.55 A European scale integrated modelling framework to analyse multiple 

water stressors in support to river basin management  
Alberto Pistocchi and coworkers 
European Commission, DG Joint Research Centre, Institute for Environment and 
Sustainability, Ispra, Italy 

  
14.55 – 15.15 Decision support system for monitoring strategies for surface water 

quality based on a participative approach 
Sonja Behmel1, Mathieu Damour2, Ralf Ludwig3 and Manuel Rodriguez-Pinzon1 

1Université Laval, Québec, Canada 
2DATALEA, Le Bouscat, France 
3Ludwig Maximilian Universitaet, Munich, Germany 

  
15.15 – 15.30 Coffee break/Poster session 
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Session IV: MANAGEMENT and POLICY 
Chairperson: Damià Barceló 
  
15.30 – 15.50 Unsolved conflicts between water users in Huelva (Andalusia, Spain): a 

case study about the slow implementation of the Water Framework 
Directive in the Guadalquivir River Basin 
Manpriet Singh and Ettore Capri 
Università Cattolica del Sacro Cuore, Piacenza, Italy 

  
15.50 – 16.10 Environmetric methods to investigate natural and anthropogenic controls 

on seasonal and spatial variations in water quality  
Hülya Boyacıoğlu1 and Hayal Boyacıoğlu2 
1Department of Environmental Engineering, Dokuz Eylul University, Izmir, Turkey 
2Department of Statistics Bornova, Ege University, Izmir, Turkey 

  
16.10 – 16.30 A participatory approach to identifying appropriate WFD measures, based 

on the interdependencies between human activities and ecosystem 
services at the catchment level 
Karl Arpon, Theodoros Giakoukis, Katerina Pylarinou and Nick Voulvoulis  
Centre for Environmental Policy, Imperial College London, UK 

  
16.30 – 16.50 The art and science of integrating scientific knowledge for dealing with 

multiple pressures on river basins  
Adriaan Slob and Tara Geerdink 
TNO, Strategy and Policy, Delft, Netherlands 

  
CLOSING DISCUSSION 
  
16.50 – 17.15 Final remarks and closure of the conference 

  
17.15 End of conference 
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Posters 

STRESSORS 
  
1.- Climate change impact assessment under data scarcity — Comparing physically 

based hydrological modeling results and soil input information in an ungauged 
Mediterranean catchment 
Swen Meyer1, Michael Blaschek2, Rainer Duttmann2 and Ralf Ludwig1 
1Department of Geography, University of Munich, Munich, Germany 
2Department of Geography, University of Kiel, Kiel, Germany 

  
2.- Analysing RCM outputs as benchmark for climate change impacts on the 

hydrology of selected river basins under conditions of water scaricity 
David Gampe1, Swen Meyer1, Grigory Nikulin2 and Ralf Ludwig1 
1Department of Geography, Ludwig-Maximilians-Universität, Munich, Germany  
2Rossby Centre, Swedish Meteorological and Hydrological Institute (SMHI), Norrkopping, Sweden 

  
3.- Assessment of Climate and Agricultural Stressors Impacts on Groundwater 

Resources in Chtouka, Southwestern Morocco 
Mouna Malki1*, Yassine Ait Brahim1, Abdelaziz Hirich2,3, Redouane Choukr-Allah 3, 
Latifa Al Yacoubi1 and Lhoussaine Bouchaou1 

1Applied Geology and Geo-Environment Laboratory, Faculty of Sciences, Ibn Zohr University, Agadir, 
Morocco 
2International Center for Biosaline Agriculture, Dubai, UAE 
3Salinity and plant nutrition lab., Hassan II Institute of Agronomy and Veterinary Medicine, Agadir Morocco 

  
4.- Basin-scale and climate influence on sediment yield in Western Mediterranean 

basins 
Cristina Buendia1,2, Ramon J. Batalla1,2 and Sergi Sabater1 
1Catalan Institute for Water Research (ICRA), Girona, Spain 
2Fluvial Dynamics Research Group-RIUS, University of Lleida, Lleida, Spain 

  
5.- Study of groundwater-surface water interactions and its modelling to improve 

understanding of dynamics in the Ljubljansko polje aquifer system (Slovenia) 
Janja Vrzel1,2, Ralf Ludwig3, Goran Vizintin4 and Nives Ogrinc2,5 
1Ecological Engineering Institute d.o.o., Maribor, Slovenia 
2Jozef Stefan International Postgraduate School, Ljubljana, Slovenia 
3Department of Geography, University of Munich, Munich, Germany 
4Dep. of Mining and Geotechology, Faculty of Natural Sciences and Engineering, Ljubljana, SIovenia 
5Department of Environmental Sciences, Jožef Stefan Institute, Ljubljana, SIovenia 

  
6.- Hydrological alterations in the Adige catchment (Italy) 

Stefano Mallucci, Bruno Majone and Alberto Bellin 
University of Trento, Department of Civil, Environmental and Mechanical Engineering, Trento, Italy 

  
7.- Levels of polar pesticides in water and sediment samples from the Evrtotas and 

Sava River Basins 
Nuria Guillem1, Mar Olmos1, Miren López de Alda1 and Damià Barceló1,2 
1Institute of Environmental Assessment and Water Research (IDAEA-CSIC), Barcelona, Spain 
2Catalan Institute for Water Research (ICRA), Girona, Spain 
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8.- Elements in water, suspended particulate matter and sediments of the Sava River 
Radmila Milačič1,2, Tea Zuliani1, Janja Vidmar1,2, Vesna Fajon1,2, Milena Horvat1,2 and 
Janez Ščančar1,2 

1Department of Environmental Sciences, Jožef Stefan Institute, Jamova 39, 1000 Ljubljana, Slovenia 
2Jožef Stefan International Postgraduate School, Jamova 39, 1000 Ljubljana, Slovenia 

  
9.- Assessment of trace element pollution of Evrotas and Sava Rivers 

Tea Zuliani1, Janja Vidmar1,2, Eleni Kalogianni3, Nikolaos Skoulikidis3, Radmila 
Milačič1,2 and Janez Ščančar1,2 

1Department of Environmental Sciences, Jožef Stefan Institute, Ljubljana, Slovenia 
2Jožef Stefan International Postgraduate School, Ljubljana, Slovenia 
3Hellenic Centre for Marine Research, Anavissos, Greece 

  
10.- Natural attenuation of organic contaminants in rivers. Case of pharmaceutical 

compounds 
Ladislav Mandaric1, Radmila Milacic2, Alberto Bellin3, Nikolaos Skoulikidis4, Sergi 
Sabater1,5 and Mira Petrovic1,6 
1Catalan Institute for Water Research (ICRA), Girona, Spain 
2Department of Environmental Sciences, Jožef Stefan Institute (JSI), Ljubljana, Slovenia 
3Department of Civil, Environmental and Mechanical Engineering, University of Trento, Trento, Italy 
4Hellenic Centre for Marine Research (HCMR), Athens, Greece 
5Institute of Aquatic Ecology, University of Girona, Girona, Spain 
6Catalan Institution for Research and Advance Studies (ICREA), Barcelona, Spain 

  
11.- Spatial and temporal variability in the occurrence of drugs of abuse in surface 

water from four Spanish River basins 
Nicola Mastroianni1, Maria Jose Bleda2, Miren López de Alda1 and Damià Barceló1,3 

1Department of Environmental Chemistry, IDAEA-CSIC, Barcelona, Spain 
2Institute of Advanced Chemistry of Catalonia, IQAC-CSIC, Barcelona, Spain 
3Catalan Institute for Water Research (ICRA), Girona, Spain 

  
12.- Quantifying the effects of chemical stressor on water quality in the Adige 

catchment: fate and transport of pollutants in the environment  
Elena Diamantini1, Nicola Ballerini5, Alberto Bellin1 Andrea Butturini2, Karina Cano 
Paoli1, Gabriele Chiogna3, Sílvia Diaz-Cruz6, Marinel.la Farrè6, Bruno Majone1, 
Stefano Mallucci1, Mira Petrovic4, Angela Sacchi5 and Elisa Stella1 
1University of Trento, Trento, Italy 
2Universitat de Barcelona, Barcelona, Spain 
3Technische Universität München, München, Germany 
4ICRA, Catalan Institute for Water Research, Girona, Spain 
5AEIFORIA Srl, Fidenza, Italy 
6Institute of Environmental Assessment and Water Research (IDAEA-CSIC), Barcelona, Spain 

  
13.- Determination of strontium isotope ratio in water from the Sava River 

Tea Zuliani1, Radmila Milačič1,2 and Janez Ščančar1,2 

1Department of Environmental Sciences, Jožef Stefan Institute, Ljubljana, Slovenia 
2Jožef Stefan International Postgraduate School, Ljubljana, Slovenia 

  
14.- Enhancing the steady-state performance of diafiltration reverse osmosis 

treatment for final salinity rejection of olive mill wastewater 
Javier M. Ochando-Pulido, María D. Victor-Ortega and Antonio Martínez-Férez 

Chemical Engineering Department, University of Granada, Granada, Spain 
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15.- Optimization of regeneration process of dowex marathon c cation exchange resin 
after final purification of olive mill effluent 
María Dolores Víctor-Ortega, Javier Miguel Ochando-Pulido and Antonio Martínez-Férez 

University of Granada, Spain 
  
RECEPTORS 
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Libe Solagaistua1, Vicenc Acuña2, Sergi Sabater2,3, Isabel Muñoz4, Francesc Sabater4, 
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28.- Effect of floods on DNA damage of two cyprinid fishes in the Sava River 
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IMPLICATIONS 
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Temporal variability of surface water quality: Implications for the 
management of drinking water 

 
Manuel J. Rodriguez* 

 
Université Laval, Quebec city, Canada 
* manuel.rodrigiuez@esad.ulaval.ca 

 

Surface water quality can be affected by land use, climate, topography and the physical characteristics of 
the catchment The degradation of stream water quality can occur as a result of human activities resulting 
in non-point (e.g. runoff from urban and agricultural areas) and/or point source pollution (e.g. sewage 
treatment discharge and combined sewer overflow). Protective requirements for drinking water sources 
are becoming increasingly important throughout the world. Consequently, municipalities must develop 
expertise and strategies to integrate the “water source protection” component into integrated drinking 
water management. Integrating the protection of sources into the management and monitoring of water 
quality implies the need to acquire new knowledge in this area, implement methodological approaches for 
applying this knowledge and develop tools for municipal managers for decision making purposes. 

Source quality is a major determinant of the quality of drinking water for human consumption. Indeed, 
water treatment strategies used by municipalities are based on the physicochemical and microbiological 
properties of source water, including indicators of pathogenic microorganisms, turbidity, organic carbon 
nature and amount, and many other factors. In their day-to-day tasks, managers of water treatment plants 
must overcome many challenges due to the variability of source water quality. For example, it has been 
shown that between one third and half of organic carbon export within a watershed occurs during heavy 
rainfall events. These changes in water quality are often linked to weather events, which may differ 
according to their duration and intensity. Since the physicochemical and microbiological properties of 
raw water can be affected in different ways depending on the type of weather event, operators do not have 
the means to effectively predict sudden temporal variations and adjust water treatment variables 
accordingly. Better knowledge of the temporal variability of water quality would lead to better decision 
making during treatment operations. As well, it could lead to more effective strategies for protecting 
sources of drinking water, particularly in a context of climate change.  

This conference will review the factors that may affect the temporal variability of source water quality, 
the impact of such variability on operational challenges in drinking water facilities and the possible 
repercussions on drinking water (distributed water quality). Based on the research carried out at the 
NSERC Chair on Surveillance and Management of Drinking Water Quality of Université Laval (Quebec, 
Canada), the presentation will focus on: 1) the variability of source water quality parameters commonly 
used as water treatment criteria; 2) the repercussions of such variability on drinking water operations, in 
particular on disinfection strategies; 3) the potential impacts of climate change scenarios on water quality 
variability from source to tap and 4) the development of decision-making tools to improve the 
management of water quality variability (source and drinking water). 
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Solutions for present and future emerging pollutants in land and water 
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14KWR Watercycle Research Institute, Nieuwegein, The Netherlands  
* werner.brack@ufz.de 

 

Introduction 

Despite significant efforts the good ecological status required by European Water Framework Directive 
(WFD) could not be achieved in the majority of European surface waters. There are indications that toxic 
chemicals might play a significant role for ecological degradation [1] while Priority Pollutants according 
to WFD often explain only a fraction of the effects observed. Emerging pollutants such as 
pharmaceuticals, biocides, personal care products and many others are hypothesised to play a key role for 
water quality. This issue is addressed by the 5-year Collaborative Project SOLUTIONS under FP7 
involving 39 partners from 17 countries in and beyond Europe. The starting point of the project is the 
enormous variety of known and unknown compounds in the environment with about 1060 possible 
chemicals <500 Da, 108 chemicals in CAS and ten thousands of chemicals typically detected in 
environmental samples. Assessment, prioritisation and abatement of complex environmental 
contamination in European water resources is the major task of SOLUTIONS. 

SOLUTIONS addresses complex mixtures of potentially toxic compounds in the water cycle including 
legacy, presently used and future chemicals with monitoring-, modelling- and scenario-based approaches 
focusing on the assessment and prediction of the impact of these mixtures, on the identification of drivers 
of mixture toxicity focusing on deriving candidate River Basin Specific Pollutants and on the 
identification of priority mixtures. For all aspects we follow a solution-focused approach addressing 
directly stakeholders demands and involving abatement options in all steps of assessment. For the 
identification of priority mixtures with respect to specific targets different criteria are used to establish 
compound groups and fingerprints, such as chemical fingerprints of specific pollution sources, 
compounds that typically co-occur in distinct patterns in the environment, compounds with common 
effects, physico-chemical properties, trends in occurrence or abatement options that can be applied. The 
impact of mixtures in the environment is addressed by the development and demonstration of a set of 
effect-based tools following the philosophy of adverse outcome pathways from key events on a molecular 
level via cellular and organism responses up to the community. These tools are evaluated and 
demonstrated in large scale case studies such as Rivers Danube, Rhine and Ebro. For the identification of 
drivers of mixture toxicity retrospective (state-of-the-art chemical screening and effect-directed analysis) 
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are combined with prospective approaches involving a model train including emission, fate- and transport, 
substance property and risk modelling together with the evaluation of future scenarios relevant for pollution. 

Demonstration of effect-based and analytical tools for impact assessment and the identification of 
drivers of mixture toxicity  

Using on-site large-volume solid phase extraction (LV-SPE) together with effect-based monitoring tools 
and extensive target- and non-target screening in the frame of the Joint Danube Survey 3 (JDS3) 67 sites 
along the whole course of River Danube have been characterised. At most sites in the main stream low 
effects were observed for most endpoints except estrogenicity together with a large range of chemicals at 
concentrations from < 1 ng/L to few µg/L. Predominant modes of action for the chemicals detected have 
been identified. Applying mixture toxicity estimations on the the basis of Bioanalytical Equivalent 
Concentrations (BEQ) indicated that only a part of the activity could be explained by measured chemicals 
for most endpoints.  

Prospective assessment using an integrated system of models and databases and comparison to 
monitoring data 

Using and modelling chemical properties, emissions and system properties fate and transport of different 
organic chemicals were modelled for River Danube and compared to monitoring data. Results for first 
modelled compounds such as PFOS suggest that modelled and monitoring data are well in agreement. 
Expanding from a single-compound refined assessment, the model train currently develops into an 
approach for thousands of chemicals, including state-of-art emission analyses, hydrological and fate 
modeling for approx. 32,000 european water bodies, and the possibility to quantify toxic pressures of 
chemicals and their mixtures for >2,000 chemicals. The outcomes of that can be summarized as Chemical 
Footprints [4] to communicate complex results in a clear summary metric for decision support. 

Conclusions 

Integration of advanced effect-based and chemical monitoring with prospective assessment using a model 
train from emissions via fate and transport upto risk modelling in a solution-focused approach integrating 
abatement options in all relevant steps of the assessment of complex environmental mixtures will help to 
assess their impact and identify priority mixtures and drivers of mixture toxicity as an important step 
towards the definition of River Basin Specific Pollutants and the revision of priority pollutant lists.  
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Modelling integrated scenarios of changes in land use, climate and 
water management with the CLUE model 

 
Verena Huber García*, Swen Meyer, David Gampe and Ralf Ludwig 
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The aim of the GLOBAQUA project is to analyse the effects of multiple stressors on aquatic ecosystems 
in selected river basins across Europe focusing on areas suffering water scarcity. In addition, management 
strategies and policies are improved and adapted with the aim of inhibiting adverse effects on aquatic 
ecosystems and ensuring the supply with water for all purposes in the study areas also in the future. 

In this context, factors known to influence the quality and quantity of surface and subsurface water are the 
changing distribution of land use and land cover as well as climate change. These factors considerably 
affect the use and availability of water, especially in regions which already experience water scarcity. If 
the problem is not addressed correctly, negative effects on biodiversity, water supply as well as important 
economic consequences may arise. In Europe, this is already the case in many fresh water systems and a 
worsening of the situation is expected if actions are not taken. For this reasons, the WFD outlines the 
importance to work towards improving the situation by means of anticipatory and adaptive policies and 
practices in the management of land and water use.  

To achieve this goal, a modelling framework is set up to develop integrated scenarios of changes in 
climate, land use and water management. These scenarios are based on the new Representative 
Concentration Pathways (RCPs) and Shared Socio-economic Pathways (SSPs) of the IPCC and 
developed in collaboration with project partners and experts. They are further downscaled to the regional 
scale and modelled in a spatially distributed manner for the study sites of the GLOBAQUA project. The 
outcomes of the climate and land use change modelling set the boundary conditions for all subsequent 
hydrological and water quality modelling activities. Eventually, site specific Programmes of Measures are 
developed and tested for efficiency in this modelling framework. 

To carry out the land use/cover change modelling, past changes have been analysed using CORINE land 
cover data. One of the case studies is the Ebro River basin located in North-eastern Spain, approx. 85,000 
km² big. As Figure 1 shows, there has been a remarkebly shift to more water intensive agriculture in this 
area between 1990 and 2006 causing the water demand to increase. Regarding the drivers of these 
changes, an extensive survey has been carried out to analyse the factors influencing land use change 
taking into account both biophysical and socio-economic variables. In a further step, they have been 
ranked according to dominance and sensitivity applying multiple logistic regression analysis. The results 
of the statistical analysis serve as input to the land use change model CLUE (Conversion of Land Use and 
its Effects, Verburg & Overmars (2009)). This model has been set up to simulate first future land use 
change scenarios for the Ebro basin, for which preliminary results are shown, taking into account 
dynamic changes of climate, population and economy.  
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Figure 1. Results of the land use/cover change detection analysis between 1990 and 2006 for the inner 
Ebro basin (in km²). 
References 

Verburg, P. H., Overmars, K. P. Combining top-down and bottom-up dynamics in land use modelling: exploring the future of 
abandoned farmlands in Europe with the Dyna-CLUE model, Landscape Ecology (2009), 24, 1167-1181. 



Managing the effects of multiple stressors  
on aquatic ecosystems under water scarcity  
(FP7-ENV.2013.6.2-1– Grant Agreement no 60362) 

1st GLOBAQUA International Conference 
Managing The Effects Of Multiple Stressors  
On Aquatic Ecosystems Under Water Scarcity                                                   ORAL PRESENTATIONS 
11-12 January 2016, Freising (Germany)                                                                                  Stressors 
 
 

 
 

 
 

27 
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Water resources are under pressure from a variety of stressors such as industry, agriculture, water 
abstraction or pollution. Changing climate can potentially enhance the impact of these stressors especially 
under water scarcity conditions. Whereas numerous studies have investigated recent trends in climate, 
streamflow or surface water quality independently, these data have not been considered in a holistic 
manner to establish links between individual temporal and spatial trends. The aim of the GLOBAQUA 
project ("Managing the effects of multiple stressors on aquatic ecosystems under water scarcity") is, 
therefore, to analyze the combined effect of multiple stressors in the context of increasing water scarcity. 
As part of the GLOBAQUA project, this study examines recent trends in climate, land use, water quantity 
and quality parameters in the Ebro river basin in Northern Spain to identify stressors and determine their 
joint impact on water resources. Mann-Kendall trend analysis of temperature, precipitation, streamflow, 
groundwater level, surface water and groundwater quality data (spanning between 15 and 40 years) was 
performed. Climate data indicate increasing temperatures especially in summer and autumn, and 
decreasing precipitation particularly in summer. Precipitation also shows regional upwards trends during 
spring and autumn, but these upwards trends are counterbalanced by greater evapotranspiration due to 
higher temperatures. Overall, this results in annual and seasonal streamflow decreases at nearly all 
gauging stations. Declining trends in streamflow are most pronounced during summer and in subbasins 
with an unaltered flow regime (i.e., no reservoirs). Diminishing water resources become also apparent in 
generally decreasing piezometric levels. The decline in groundwater levels is most pronounced in areas 
where groundwater serves as main origin of irrigation water. Concentration trends of some compounds 
suggest, on the contrary, an improvement in water quality. For example, increasing pH-levels indicate a 
decrease in acidification, and nitrate concentrations have been declining especially in surface water. 
Given little land use change, this might result from less fertilizer consumption associated with 
improvements in agricultural practices. Overall, in view of significant changes in temperature and 
precipitation, preservation of sufficient water quantity rather than quality appears to be the major 
challenge in the Ebro river basin, which has to be considered in future land use and water resources 
management. 
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Introduction 

Transport of many urban pollutants in rivers is coupled to transport of suspended particles, while the 
potentially dominating source are combined sewer overflows. The concentration of these pollutants 
depends on the mixture of “polluted” urban and “clean” background particles, possibly also on 
mobilization of legacy contamination of sediments. In the current study, the total concentration of 
polycyclic aromatic hydrocarbons (PAHs), the amount of total suspended solids (TSS) and turbidity were 
measured on a monthly basis in water samples from 5 catchments with contrasting land use in Southwest 
Germany over up to 1.5 years. In addition, single flood events with large changes in turbidity/TSS were 
sampled at high temporal resolution. These sampling campaigns covered several years and included flood 
events prior and after a major flood event with a return period of up to 100 years. To compare the results 
with data from further catchments recent sampling campaigns from the Harz Region in East Germany and 
from Globaqua catchments in Italy and upper SAVA catchment were also considered. Using on-line 
monitoring of turbidity (by optical backscattering sensors) and discharge suspended particle fluxes where 
calculated which allowed for calculation of PAH mass flow rates over time.  

Results 

Linear correlations of turbidity and TSS where obtained over all catchments investigated and over an 
extended turbidity range (up to TSS values > 2000 mg l-1 for the flood samples). Linear correlations were 
also obtained for the total amount of PAHs and suspended sediment concentrations even for very high 
turbidity or TSS values (> 2000 NTU or mg l-1, respectively; Ruegner et al., 2014). The slopes of these 
regressions represent the concentrations of PAHs on the suspended solids. These are different for 
different catchments and may be correlated to the degree of urbanization represented by the number of 
inhabitants per flux of (total) suspended particles (Schwientek et al., 2013; Figure 1). 

 

 

 

 

 

Figure 1. Contamination of suspended particles 
vs. urban pressure per total suspended solids flux 

(MTSS). Data sets from catchments in SW 
Germany (Schwientek et al., 2013), plus data from 

further studies. 

 

Detailed analysis of concentrations on suspended particles over time showed that these did change only 
slightly - in a given catchment - even after very pronounced events (Figure 2). Concentrations in the 
Steinlach River vary between 1.3 mg/kg (monthly samplings 2009-2011), 1.4 mg/kg (events 2012) and 
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1.1 mg/kg (flood event 2014) and in the Neckar River between 2.0 mg/kg (monthly samplings 2009-
2011), 2.8 mg/kg (events 2012) and 2.4 mg/kg (flood event 2015). The major flood occurred in June 
2013. This reveals that pollutants are stored in sediments present in the river system (and possibly also in 
the sewage system) over longer time periods. However, the concentrations on suspended sediments still 
comprise a quite robust measure of the average sediment quality in a river network.  
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Figure 2. Regressions of total concentrations of PAH in river water vs. total suspended solids (TSS) prior 

and after a major flood which occurred in June 2013. 

Results of on-line turbidity monitoring showed that high turbidity/discharge events account for the major 
proportion of pollutant fluxes (Figure 3; this study: 90% PAH flux > 90 NTU; events representing only 
2.5 % of the observed time period).  

Figure 3. Cumulative mass flux of particle related pollutants (here: PAH) vs. turbidity (left side) and time 
(right side) within observed time period of 08 Feb. to 29 Nov. 2012 (River Steinlach). 
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Snowpack dynamics is an important indicator in assessing climate change in mountainous regions. In 
fact, it is strongly influenced by temperature and rainfall changes and can affect the hydrological cycle of 
Alpine catchments. Furthermore, related quantities, such as snow cover duration and extension, affect 
many aspects of life in mountainous regions, from economical activities, such as winter tourism and 
hydropower production, to water availability and ecosystem dynamics. Nevertheless, before starting with 
the investigation of the occurrence of trends, anomalies and changes in the time series, it is important to 
homogenize them. This means, that we need to detect, and, when possible, to correct, artificial changes 
that cannot be attributed to natural seasonal variations or to climate changes. Such artificial changes can 
be attributed to several factors, such as changes in the equipment, in the surrounding environment and in 
the location of the station, and they lead to the occurrence of breakpoints. To check for homogeneity of 
available snow-depth time series, we applied the Standard Normal Homogeneity Test (SNHT) to the 65 
snow-depth time series available for the Trentino region (North-East Italy) in order to detect which time 
series are homogeneous, i.e., not affected by breakpoints. Among the homogeneous time series that are 
available for this region, three of them provide data starting from 1911 to 2014: San Martino di Castrozza 
(1464 m a.s.l.), Paneveggio (1540 m a.s.l.), and Passo Rolle (2000 m a.s.l.). Despite the missing data 
between the first and second world war, these time series represent valuable datasets, which may provide 
new insights to the ongoing climate change effects on Alpine regions, and in the Adige catchment, in 
particular. After having performed the homogenization of anthropogenic breakpoints, we investigated the 
occurrence of anomalies and changes in the mean seasonal snow-depth, in the number of days with 
snowfall and in the snow cover duration. The results obtained using a wavelet analysis show that the 
mean snow-depth presents, as expected, a strong periodicity at scales of 6 and 12 months. Interestingly, a 
further periodicity is detected at 4-8 years scales, indicating the influence of climatic effects acting over 
larger time scales. It is also interesting to notice that such periodicity is more pronounced in the Passo 
Rolle time series. This station, indeed, lays above the snow line for this region. Furthermore, the analyses 
clearly indicate that the period 1990-2000 was critical in terms of seasonal mean snow depth and snow-
cover duration. This analysis furthermore has shown that snow depth and snow-cover duration are 
significantly more affected by climate changes at elevations below 1600 m a.s.l. 
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Hydrology: δ18O and δ2H constraints 

Stable isotope measurements of oxygen and hydrogen (δ18O and δ2H) were used to characterize spatial 
and temporal variation in δ18O and δ2H values of the Sava and to preliminary estimate the mean residence 
time of runoff in the studied rivers catchments. Precipitation is of mixed Atlantic-Mediterranean origin, 
which is also reflected in the isotopic composition of Sava surface waters. Spatially, river water is 16O-
enriched in the high mountain areas due to higher amount of precipitation, lower temperature and higher 
elevation of the recharge area, while in the lower part of the Sava catchments the δ18O values are higher 
and are not significantly different between the sampling station in Slovenia and Serbia. Exponentional 
flow model was applied to provide preliminary estimates of the mean residence times (MRT), which 
varied between 1.0-1.6 years.  

 
Figure 1: Predicted δ18O in meteoric precipitation and differences (residuals) when compared with 

measured isotopic composition in surface water (long-term averages: blues circles, event based samples 
from 2014: purple circels) 

The spatial distribution of δ18O in precipitation on the River Sava catchment has been generated. After 
testing of several approaches and given the complexity of isotopic composition in SRB, we followed an 
example of Lie et al. (2010) and used latitude, longitude and altitude to investigate geographical controls 
of δ18O. GIS has been used as a mapping tool and its spatial analysis function was used to calculate the 
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predicted stable isotope values in surface river water. Comparison of the modeled isotope values with 
isotope data of surface waters from different sites in the catchment covering a wide set of geographic and 
climatic conditions (Figure 1) was then performed in order to test predictive capability of our model and 
its applicability in hydrology studies. The results show that modelled stable isotope values compare well 
with the data from surface river water and thus indicate that this methodology may help in interpretation 
of the origin of water at different sites. Differences between measured and predicted δ18O values can be 
explained by other regional and local factors that influence the isotopic composition of precipitation and 
that will be incorporated in future revisions of the model. The maps of surface water stable isotope ratios 
provide a tool and template for water resources research using O isotope ratios, but are also relevant to a 
wide and developing range of applications involving the use of stable isotope ratios for tracing the 
sources of human-produced products. These maps represent a first attempt to depict the isotope ratios of 
surface water at the transbondary-regional scale, but not the full dynamics controlling surface water 
isotope ratio distribution are captured. Thus, they should be used in awareness of their limitations.  

Nutrient variations 

Both nutrient concentrations NO3
- and PO4

3- were significantly correlated with flow at all investigated 
locations except near Belgrade. A dilution effect was determined at locations in Slovenia and Zagreb, 
while at locations Črnac and Županja a continuous input of NO3

- into the riverine system was indicated. It 
was found that variations in rainfall and temperature contribute greatly to the monthly variation in NO3

- 
concentration. Temporal variability in nutrient concentrations was controlled by riverine flow and 
indicated that the highest NO3

- concentrations were usually observed during winter/autumn when leaching 
of soil from slopes and banks was more intensive. The lowest NO3

- concentrations observed during 
summer were related to reduction of NO3- due to phytoplankton uptake. The occurance of denitrification 
was unlikely, since hypoxic/anoxic conditions are usually not present in the river. On the other hand 
during the summer the highest PO4

3- concentrations were related to low flow conditions and the presence 
of reductive conditions releasing inorganic P from sediments into the water column.  

The results of long-term trend analysis show reduction of nutrients at the majority of selected locations 
ranging from 6 to 58% (Vrzel and Ogrinc, 2015). The lowest decrease was observed for NO3

- 
concentrations at location Slavonski Brod. The trend in PO4

3- concentrations exhibits different behaviour. 
No significant trend was observed at locations Otoče, Šentjakob and Sremska Mitrovica, while trends at 
locations Jesenice na Dolenjskem and Slavonski Brod show significant declines in PO4

3- concentrations 
with reductions in PO4

3-concentrations of 18-34%. Although there was no significant trend in PO4
3- 

concentrations at Sremska Mitrovica (p = 0.32283), the switch from a negative slope in the regression line 
for location Slavnonski Brod to a positive slope for Sremska Mitrovica suggests that inputs of PO4

3- had 
been increasing downstream. This is possible given that Sremska Mitrovica has been more susceptible to 
nutrient inputs mainly from wastewater effluent discharges indicated by elevated isotopic composition of 
nitrate. 
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Organic micropollutants are constantly introduced into surface waters via Wastewater Treatment Plants’ 
(WWTPs) effluents, their resistance to conventional WWTP treatment potentially relating to their 
persistence in receiving rivers.  

To study the fate of wastewater-related pollutants in rivers, a common approach is using a Lagrangian 
sampling scheme. This latter consists in sampling the same parcel of water repeatedly as it flows along a 
selected river stretch.  

In this abstract a new sampling approach combining Lagrangian Sampling with an artificial tracer is 
presented. The method has been tested during two complementary experiments conducted during day and 
a night, respectively, in August 2015 in the Steinlach River in southwest Germany. 

In previous works, Lagrangian sampling was modified to meet accuracy requirements such as limiting 
errors from travel time estimation and from dispersion effects (Schwientek et al., 2016). Comparison of 
input and output mass fluxes in a segment of the Steinlach river enabled to distinguish between (several) 
removal processes such as photodegradation and potentially biodegradation. Two campaigns were 
performed, one in summer and another in winter. In Figure 1 the example of the anticonvulsant 
Oxcarbazepine is presented. In summer, removal is twice as high during the day than during the night. 
This implies the occurrence of two removal processes, one over the complete 24h cycle (potentially 
biodegradation) and one only during day time (assumed to be photodegradation). This contrast day-night 
isn’t observed in winter. 

 
Figure 1. Mass fluxes of Oxcarbazepine. Dashed series represent values expected at the downstream 

control plane if only conservative transport occurred. Differences between “Expected” and “Measured” 
series are interpreted as removal. Yellow and blue areas symbolise day and night time respectively.  

Where authors sometimes assume first order decay laws (Kunkel and Radke, 2012), kinetics data are 
lacking. This is even more important when facing two elimination processes combined, as it is the case 
for Oxcarbazepine (Figure 1).  

In this new experiment, the number of control planes was increased to constitute a decay curve over 
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disctance and residence time. The tracer fluorescein was injected upstream of a 1,7 km long stretch of the 
Steinlach River controlled by four measuring stations. The location of injection was situated downstream 
of a WWTP effluent. An autosampler, placed at the beginning of the segment, captured six consecutive 
1h composite samples to constitute an “input function” of the investigated compounds. Deconvolution of 
the tracer breakthrough curves (BTCs) mesured at the control sections yields transfer functions that can 
be used in associtaion with the input function to compute expected concentrations. Grab samples were 
taken at the measuring stations 2 to 4 to compare modelled to measured concentrations. 

Fluorescein being photosensitive, day BTCs must be first corrected with night BTCs as references. 
During the night, recovery rates of the tracer were 95%, 104% and 106% at station 2, 3 and 4 respectively 
against 71%, 39% and 29% during the day (Figure 2). 

 
Figure 2. Preview of BTCs with raw (black) and corrected (color) measurements 
at several measurement stations (MS). Each MS displays two BTCs of different 

size though similar amounts of fluorescein were injected. The minor curve 
represents the day experiment where sunlight degraded part of the tracer. 

Fluorescein thus constitutes an instream indicator of photodegradation. Such experiment is also well fitted 
to streams where dispersion is very high, as it was the case during our experiment, while keeping a 
reasonnable number of samples. 

Presently, data processing is still ongoing. The method will be explained in detail and the results of this 
new experiment will be presented on the conference. 
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Introduction  

Pharmaceutical compounds are not completely removed during wastewater treatments and, as result; they 
are discharged into the receiving streams [1]. The removal of pharmaceutical compounds in WWTPs is 
commonly evaluated as a mass balance between concentrations in influent and effluent wastewater [2, 3].  

The first aim of this study was to evaluate the ecotoxicological risk due to effluent wastewater discharges 
to the receiving streams. Addtionally, the relative efficiencies of 12 different WWTPs to eliminate these 
compounds have been assessed.  

Methodology  

Pooled influent and effluent wastewaters in 12 WWTPs were sampled weekly during four consecutive 
weeks. After pre-treatment in the laboratory, samples were partially purified by Solid Phase Extraction 
(SPE) and analyzed by LC-DAD [4].  

Ecotoxicological risk assessment was evaluated by means of risk quotient (RQ) values, both in effluent 
wastewater and in the receiving stream. RQ values lower than 1 indicates that the compound does not 
imply a significant risk to the environment [5].  

Results and discussion  
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Figure 1. A, B, C, D, and E, RQ values for each pharmaceutical compounds in effluent wastewaters and 

F, RQ values for ibuprofen in receiving streams. 
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Figure 2. Removal efficiencies means (%) of the investigated pharmaceutical compounds 

Conclusions  

In the effluent of the WWTPs, the expected toxicological effect could be caused by carbamazepine, 
naproxene, ibuprofen and diclofenac, but the dilution effect that takes place after the discharge of the 
effluent wastewater into the receiving stream results in a decrease of the concentrations of this 
pharmaceutical compound except for ibuprofen (RQ values; 1.7-4.9) Removal efficiencies were between 
40 and 100% and did not appear to be related to the used treatment technology but we can say that the 
type of treatment of LH and Al-WWTPs with Double Stage Conventional Activated Sludge systems and 
Sand Filters + Lamella Clarifier + Ultraviolet Disinfection (CAS–DS + L+ F + SF + UV) removes better 
the naproxen, ketoprofen and diclofenac than ME-WWTP with Conventional Activated Sludge and 
Extended Aireation + clorhine desinfection (CAS–EA+ Chl). Also, we observed that the treatment 
followed by CB-WWTP (CAS+Chl) removed better the carbamazepine and Ci-WWTP (CAS–EA + SF + 
UV + Chl) removed better carbamazepine and naproxen than those at LH and Al-WWTPs. WWWTPs 
consist on a parallel operated conventional activated sludge system (CAS) and membrane bioreactor 
(MBR) removed the 100% of naproxen and diclofenac. Ci-WWTPs (CAS–EA + SF + UV + Chl) and Y-
WWTPs (CAS–EA + L+ F + SF + UV) showed negative removal efficiencies for ibuprofen.  
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Background 

Rivers are impacted by multiple stressors that affect their ecological and chemical quality, water 
availability and ecosystem functions. Stressors can interact to create synergistic, additive or antagonistic 
effects, but experimental studies on fish encompassing more than one stressor are seldom found. Thus 
there is the need to study the impact of fish exposure to multiple stressors, stressor interactions, and 
evaluate fish sensitivity to stress combinations through a stressors multifactorial approaches. Some of the 
most common impacts in rivers are of two natures: i) hydromorphological and ii) diffuse pollution. In this 
work, we focused particularly in the effects of connectivity reduction both occurring in flow alterated 
regimes and in some rivenine conditions, during natural summer low flows. The present study aims at 
studying the responses of potamodromous fish facing combinations of: 1) a primary stressor (two levels 
of water scarcity and connectivity reduction – naturally occurring in Mediterranean systems), and 2) a 
secondary stressor (three levels of oxygen decrease due to organic load – of anthropogenic nature).  

Stressor distribution and frequent stressor combinations 

Fish experiments tested fish responses under two stressors - Water scarcity/availability (primary stressor) 
and Oxygen depletion (secondary stressor). Experiments were conducted in a 10 m long flume, with 3% 
slope, comprised of a steel frame with transparent side panels, allowing a visualization of the movements 
occurring within the flume. Four bottom perforated compact polypropylene crosswalls, allowing a flow of 
28 L.s-1 to be maintained without overflow, were placed at the flume – dividing the flume into 5 even-
spaced sections. The perforated cross-walls allowed recreating Mediterranean (low water level and 
disconnected “pools”) and temperate river flows (high water level and connected “pools”). These two 
connectivity arrangements were combined with three oxygen concentrations – Control (90%), mild 
depletion (50%) and severe depletion (15%). All experiments were five-fold replicated. Schools of five 
wild caught barbels (Luciobarbus bocagei - used as representatives of potamodromous fish) were placed 
at the centre of the flume and let to acclimate to the flume for 15 minutes following a testing period of 30 
minutes were fish were allowed to displace volitionally. 

Prediction of combined effects and results 

Results (Table 1) show that both treatments and their interaction have significant statistical differences 
according to upstream, downstream and total movements. In fact for the unconnected arrangement only 
one upstream movement was recorded on the third replicate of the control treatment which makes 
Permanova tests post-hoc pair-wise tests identify all levels of oxygen depletion as having no statistical 
differences under an unconnected arrangement. When looking at the connected arrangement differences 
arise, Figure 1 further illustrates these differences by showing that for the connected treatment fish have a 
marked reduction both in upstream and downstream movements with increasing oxygen depletion.  
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Table 1 – Permanova test results (p-value) (α = 0.05) for upstream, downstream and total number of 
movements. 

Stressor Upstream Downstream Total 
Water abstraction <0.001 <0.001 <0.001 
Oxygen depletion <0.001 <0.001 <0.001 
Interaction <0.001 <0.001 <0.001 

 

 
Figure 1. Number of movements of Luciobarbus bocagei across the five connected pools and under no 

oxygen depletion (control), low depletion (50% saturation) and high depletion (15% saturation) 
conditions. Bars show mean number of movements (of 5 replicates) ± 1 SD. For each direction, 
conditions that share the same letter are not significantly different on the number of movements 

according to a pair-wise Kruskal-Wallis ANOVA. 
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Detecting the effect of multiple stressors occurring in field conditions requires extensive sampling efforts 
that include covering the variety of intensities in the stressors most relevant to the ecosystem. We used 
this framework to approach the combined effect of water scarcity (expressed as the intensity flow 
interruption, that is, occurring in a longer or shorter period of the year) and the chemical impact caused by 
the entrance of urban sewage inputs in streams (expressed by the quantity and relevance of urban 
effluents, encompassing WWTPs inputs within a range of inhabitants-equivalents, and even the reception 
of untreated sewage).  

We applied this scheme to search the effects on a total of 13 independent streams and rivers in the lower 
part of the Ebro basin (Fig.1). Most of these were small tributaries of Mediterranean character, and 
altogether covered a variety of situations in land uses, from general agricultural and forested land uses to 
a more relevant urban impact.  

Figure 1. Tentative distribution of the sites according to the described gradients (severity of chemical 
impact and percent of water flow permanence) (left). Location of the sites in the lower Ebro basin (right) 

 

All these stream sites were designed to have an upstream (control) site and a downstream (impact) site 
with reference to the chemical inputs. While the geomorphological and climate settings were similar 
between the control and impact sites, differences in water flow between the two might arise by the 
presence of effluent inputs. Some of the control sites naturally dried out for a period of the year, and those 
in the impact were receiving continuous water flow from the sewage outputs. This was expected to create 
large differences given the range of water flow regimes, from permanent to intermittent and ephemeral. 
The working hypothesis we had was that the inputs of chemical effluents would cause higher impact to 
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the impact sites with respect to the control sites, and that this would increase according to the higher 
temporality of water flow. An additional question we also had was whether these inputs would act more 
as a subsidy (e.g. using the stimulating effects of organic matter or nutrient surplus) or a stress (e.g. 
because of the effects of the contaminants). The study will analyse the responses in summer-fall and 
spring, so different hydrological periods can be covered.  

In this setting, we aimed to understand the long-term effects on water flow patterns, chemical 
characteristics, biological communities, and ecosystem functioning, that could be related to the 
anomalous water and chemical inputs derived from the effluent discharges. Our analysis includes the 
following end-points in both the control and impact sites: 

- Concentrations of TOC, TN, TP, and pharmaceutical compounds, as representative elements of urban 
chemical pollution. 

- Pharmaceutical compounds occurring in the WWTP effluents vs. the reception (impact) reach, as an 
estimate of the dilution effects and the ability of the receptor system to cope with the arrival of emerging 
contaminants. 

- Changes on the phylogenetic structure of microbial communities (16S rRNA gene sequencing) and 
prevalence and distribution of antibiotic resistance genes across streambed compartments. 

- Response of microbial communities to environmental/chemical stressors (differential expression of 
stress-response genes in control vs. impacted sites). 

- Quantification of algal biomass (AFDW and Chl-a) as an expression of the impact of nutrients, 
hydrological variability and contaminants on the autotrophic community.  

- Changes in the macroinvertebrate community structure (Community composition, Abundance of 
organisms, species diversity, Food Chain Length, and diversity traits). 

- Decomposition of organic matter by using poplar sticks and cotton strips 

- Incubation of colonized bio-balls as indicators of the depression of P uptake following stressors. 

These different endpoints will be analysed separately by the consortium, but treated jointly to get a whole 
understanding of the effects on the combination of chemical and hydrological stresses on the ecosystem 
functioning.  
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As the human population has increased steadily during the last decades, the pollution generated in urban 
areas has become one key stress factor for river ecosystems. Waste water treatment plants (WWTP) 
reduce the pollution of sewage, but they do not eliminate it completely, thus affecting the receiving river 
ecosytems. Simultaneously, water scarcity increases the concentration of pollutants as it reduces the 
dilution capacity of rivers. The objective of the present study is to evaluate the effects of flow 
intermittency and pollution, as well as their interaction, on stream ecosystem structure and functioning. 
We studied 26 stream reaches, located upstream (control) and downstream (impact) from sewage inputs 
into 13 streams in a gradient of intermittency in the Ebro River basin. We measured the decomposition of 
poplar wood sticks and nutrient uptake. Organic matter breakdown was in general faster in impact than in 
control reaches (0.0025 day-1 compared to 0.0010 day-1), although the variability among sites was very 
high, depending mainly on the degree of intermittency. Our results show that sewage inputs, either treated 
or untreated, tend to subsidize the decomposition of organic matter, although at the most polluted sites 
there are evidences of a stress effect. On the other hand, flow intermittency interacts with pollution as the 
decomposition rate decreases during the dry phase, thus making it difficult to forecast the effects of 
further increases in pollution rate and flow temporality. 
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This article combines spatiotemporal conventional and automatic monitoring at a minimally disturbed 
non-perennial reach (Sentenikos Reach) in the Evrotas River basin, S. Peloponnese, Greece (Fig. 1). To 
assess the effects of desiccation and re-flooding on hydrological, habitat, and aquatic quality features, and 
uncover underlying physical and biogeochemical processes, spatial and monthly measurements and 
samplings (for physicochemical parameters, major ions and nutrients) were combined with high 
frequency monitoring during the period April 2010 - May 2011. The latter was based on continuous 
automatic gauging of physicochemical characteristics during the desiccation phase, and ISCO auto-
sampling for major ions and nutrients during two initial sequential flood events.  

Photosynthesis was the dominant biological process during desiccation as indicated by progressive 
increases of dissolved oxygen and pH during continuous automatic monitoring. Respiration processes 
became more apparent with progressive desiccation and water temperature rise (e.g. Fig. 2). Solute 
variation was controlled during the dry period by “concentration” processes. These comprise evaporative 
concentration and increased baseflow contribution in surface waters. In cotrast, photosynthetic induced 
carbonate precipitation removed calcium carbonate from solution (Fig. 2). Carbonate dissolution due to 
respiratory carbon dioxide generation was not significant. During periods of high flow solute 
concentration decreased due to dilution. During initial flood events flashing of carbonate phases was not 
significant. In contrast, initial flood events were characterized by the dissolution of a very soluble 
epsomite type of salt (MgSO4. 7H2O). The rates of biological and “concentration” processes increased 
with increasing desiccation along with water temperature; a water temperature of 22oC may be a critical 
value since both carbonate precipitation and respiration appeared to dominate. With increasing 
desiccation, a rise in nutrient assimilation occurred both in spatial and temporal scales. With increasing 
desiccation, an increase in ammonium, accompanied by a decrease in nitrate was apparent (Fig. 2). This 
suggests ammonification and/or desorption of ammonium from sediments, with simultaneous 
denitrification of nitrate. Regarding sediment transport and nutrients, an up to 1000-times increase of 
suspended sediments took place during re-flooding, while the nutrient status worsened, particularly for N-
species (Fig. 3).  

Uncertainties in process evaluation regarding nutrient cycling will be addressed with in-situ and 
laboratory flux and incubation experiments in the frame of GLOBAQUA project.  

 

 

 

 

 

Fig.1. The Evrotas River Basin and the Sentenikos 
Reach. Numbers represent sampling sites during 

the desiccation phase. Desiccation increases from 
site 1 towards site 7. Site 7 corresponds to a 
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disconnected pool. 

 
Figure 2. Spatial variation of aquatic quality along the Sentenikos Reach during the desiccation phase in 

summer 2010. 

 
Fig. 3. Monthly and flood-event variation of discharge and nitrate concentration at Sentenikos Reach. 

The first flood event following the period of desiccation occurred in 25 and the second in 28/29 January. 
Colours indicate the boundaries of nitrate concentrations in good (green), moderate (yellow) and poor 

(orange) status. 
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Nutrients and Sediments – two of the major pollutants of freshwater 
stream ecosystems – impact upon epilithic algae 
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The goals of this research are to achieve these two field objectives: 

[1] Quantify the difference between epilithic communities on a phosphorus gradient of sites, with 
control site, 

[2] Quantify the difference between epilithic communities on a sediment gradient of sites, with 
control site. 

The methodology for testing these hypotheses is to use ceramic tiles 4cm x 5cm cemented to a heavy 
base, placed in the river bed. The validity of using ceramic tiles, the most appropriate length of time for 
exposure, and the optimum current speeds at which they should be used, were tested first, as follows: 

[A] I compared species and diversity of algae on tiles and stones from several sites, answering the 
question, “Are the tiles valid artificial substrates for epilithic growth?” 

[B] I quantified the length of time tiles needed to be exposed, answering the question “What is the 
most appropriate length of time for tiles to be exposed?” 

[C] I compared the differences between epilithic communities on tiles at different current speeds, 
answering the question “Is there any significance difference between epilithic on tiles at different 
current speeds?”. 

Anthropogenic impacts on the natural aquatic ecosystem are significant and growing; intensification of 
agriculture is a threat to the stream ecosystems. Sediments and nutrients are the two major agricultural 
stressors and can have a major effect on aquatic natural ecosystems. 

In this study, species and diversity of algae growth on stones and tiles along the gradients of nutrients and 
sediment was investigated after 28 days of exposure at five different current speeds at nine studied sites in 
the Welland catchment in order to [1] quantify the difference between epilithic communities on a 
phosphorus gradient, [2] quantify the difference between epilithic communities on a sediment gradient. 

Results validated tiles as artificial substrates for algal growth, and showed no significant difference 
between tiles and stones at the same current speed. Nutrients were not limiting, and there was no 
difference in algal community at different gradients, meaning that concentration of nutrient was already 
sufficient enough to saturate cellular growth-rates. Species richness and diversity were unaffected by fine 
sediment. 

Few experiments have investigated the responses of epilithic across broad gradients of multiple stressors. 
My final year will thus design an experimental approach to examining the effects of phosphorus and 
sediment in isolation and together, in an effective way. 
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The co-ocurrence of multiple stressors in rivers compromises the quality of water resources and the 
evaluation of the ecological integrity. Major environmental stressors include, among others, 
contamination with toxic chemicals, habitat degradation and fragmentation, nutrient pollution and 
hydrological alterations. The simultaneous exposure to several stressors requires careful consideration of 
the possible interaction between the stresors themselves and the effect on species and ecosystems. This is 
essential to identify the major management issues and to seek the means to identify, diagnose, and tackle 
multiple-stressors effects. 

The Adige catchment has been selected as a case-study in the GLOBAQUA project because includes a 
variety of stressors encountered in the Alpine region. The most important stressor in this catchment is 
streamflow alteration related to the important hydropower production that causes hydropeaking and 
termopeaking downstream hydropower plants (Chiogna et al, 2015). These authors also include the 
seasonal touristic activities (e.g. skiing) as a potential source of emerging and regulated pollutants 
released by waste water treatment plants (WWTPs). This notwithstanding, sampling campaigns with the 
aim of analysing ecological responses in association with environmental stressors have not been 
performed yet within this catchment. 

The aim of the present work is to analyze the macroinvertebrate community at the headwaters of the 
Adige River and its response related to the stressors identified and localized in this part of the catchamnet. 
We sampled seven sites (Figure1) in February 2015.  

 
Figure 1: Localization of the sampling water bodies 
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At each site we quantified the percentage of the different land uses (natural, agriculture and urban), 
discharge variability, basic water charactistics (pH, temperature, oxygen, nitrates, ions) and the 
concentration of 24 pharmaceuticals (PhACs) in water as indicators of urban pollution. Five Surber 
samples were taken in riffles at each site for macroinvertebrate community. Site 2 (Passo Tonale), where 
touristic activities are implanted, was positively related with urban land uses, higher nitrate and analgesic 
and anti-inflammatory compound concentrations. Downstream sites were related with higher water 
temperature and turbidity. Site 1 (undisturbed site) was the site with the highest macroinvertebrate species 
richness and diversity values. On site 2 both values decreased. However, the water quality evaluated with 
biotic indices did not show changes between these two sites. It is known that these standard indices do not 
detect small changes in species composition. Richness and diversity values decreased again in site 3 
where some coleopterans and plecopterans disappeared and appeared Gammarus (with detritivorous 
feeding strategy). This change might be related to hydrological alterations and higher availability of 
detritus. On site 4 richness and diversity recovered but decreased downstream and Gammarus density 
increased significantly in downstream sites. 

The results of the Redundancy analysis that explains the composition, density and spatial distribution of 
the invertebrate community according to the environmental features showed that PhACs were related with 
community composition at site 2. The agricultural land uses and temperature were the variables better 
correlated with the community in sites 4, 5, 6 and 7.  

These results showed that pollutants from WWTP at headwaters cause a decrease in macroinvertebrate 
richness where some sensitive species dissapeared. Hydropeaking and other activities in the basin impact 
on biological community downstream as well. The spatial distribution of the stressors in the Adige has 
allowed to related specific stressors with specific responses in the community. 

Table 1. Physical, chemical and biological characterization of the sampling sites in Adige 

 Sampling sites 

 1 2 3 4 5 6 7 

Temperature (ºC) 1.30 4.10 3.90 6.40 5.70 5.80 7.70 
Conductivity 

(µS/cm) 67.00 77.35 87.70 201.60 202.50 182.00 231.50 

O2 (mg/L) 9.30 7.80 8.45 7.80 7.70 8.10 7.35 

Turbidity (FNU) 0.00 3.50 2.15 3.50 6.20 2.60 3.15 

NO3 (mg/L) 2.13 17.95 4.42 4.65 3.10 3.84 2.97 

Ca (mg/L) 2.54 23.57 17.15 22.68 13.00 18.30 11.35 
Land uses (%): 

Urban 0.00 2.69 0.67 1.55 1.67 1.30 1.53 

Agriculture 0.00 0.00 2.17 7.73 7.87 6.25 6.84 

Species Richness 35 29 19 30 24 26 26 
Diversity(Margalef 

index) 5.9 3.5 2.5 3.6 3.2 3.8 3.6 
IBE (Biotic index) 12 12 10 10 8 11 11 
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Abstract 

The aim of this study is to present the data on aquatic macroinvertebrate assemblages along the Sava 
River. The diversity of macroinvertebrate communities, as well as ecological characteristics of 
assemblages such as feeding types, zonation and microhabitat preference (Asterics software Version 
3.3.1.) have been considered. Previous investigations of the Sava macroinvertebrate assemblages were 
carried out by Matoničkin et al. 1975, Paunović et al. 2012, Urbanič 2008 and Milačić et al. 2015. 

For this study, all samples were collected during the GLOBAQUA survey in September 2014 from the 14 
sampling sites within the sector between Sava Bohinjka (Slovenia) and Belgrade (Figure 1). During 
investigation a total of 216 macroinvertebrate taxa were recorded. Aquatic insects were found to be the 
dominant group in the community with 141 recorded taxa.  

 
Figure 1: Sampling sites for macroinvertebrates 

Among them, Diptera, Trichoptera, Coleoptera and Ephemeroptera were found to be prime component of 
the community, with 77, 26, 24 and 16 identified taxa, respectively. During our investigations, gradual 
changes of communities along the river continuum were noticed. Total number of taxa decreased in 
downstream direction, as well as the number of Plecoptera, Ephemeroptera, Trichoptera and Coleoptera 
taxa. In the same time, Oligochaeta and Gastopoda were found to be more important components of the 
communities in the lower stretch.  
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Gatherers and collectors were dominant feeding groups with total share of 43.20% of the assemblage. 
Grazers/scrapers and filtrators were represented by 15.83% and 14.19% respectively. The distribution of 
the main feeding groups along the Sava River is presented at Figure 2.  

 
Figure 2: Share (%) of the main feeding groups along the Sava River 

In regard to a preferred sector within the river longitudinal zonation, the largest share of identified taxa 
(31.55%) is characteristic for the lower river stretches (hypopotamal, epipotamal, metapotamal). The rest 
of the taxa prefer rhitral (22.95%) and standing waters (15.7%). The majority of the identified taxa 
(38.30%) prefer fine substrate typical for large lowland rivers (pelal, psammal and argillal), while 24.05% 
of taxa are adapted to the river bed consisted of gravel and stones.  
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Effects of peak flows resulting from hydropower operation and extreme rainfall are expected to vary with 
river channelization and climate warming. We used the established “Hydromorphological and 
Temperature Experimental Channels” (HyTEC) in Lunz am See, Austria to test for single and combined 
effects of river flow, riverbed morphology and temperature on fish, macroinvertebrates (MIV’s) and 
microphytobenthos. This facility allowed peak flows of up to 600 l/s several times a day to mimic 
hydropeaking and extreme floods. Water temperature variations of approximately 4-5°C between base 
flow and peak flow were also achieved. As three different biological quality elements (fish, MIVs, 
microphytobenthos) were subject of these experiments, the experimental flumes were divided into three 
areas: where a) drift experiments of benthic invertebrates, b) long-term experiments on 
microphytobenthos response on peak flows and c) drift and stranding experiments of fish could be 
conducted. 

In this presentation I will explain the experimental settings and highlight the first results: The experiments 
with fish (Salmo trutta and Thymallus thymallus) demonstrated that the lower the lateral gravel bar slope, 
the higher the risk of fish to strand. A key finding for the MIV experiments showed that hydropeaking 
increased the drift of MIVs and the combination of hydropeaking and thermopeaking seem to decrease 
drift densities. Finally the results of the microphytobenthos experiments on the effect of daily 
hydropeaking indicated a depression of microphytobenthos biomass development in an oligotrophic 
stream even if sufficient nutrients were added. 
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Freshwater ecosystems, particularly streams and rivers, are among the most heavily degraded ecosystems 
worldwide. In the context of the European Water Framework Directive and the Natura 2000 directive, 
substantial effort is invested into improving and restoring aquatic habitat quality in Europe, including 
aspects of water quality, structural diversity, as well as connectivity. To date, many of the restoration 
actions are rather based on gut feeling than on scientific evidence. This contribution investigates the 
success of prominent examples of stream restoration in Europe and proposes a step-wise approach to 
make aquatic restoration more successful in the future. The first example is concerned with the creation of 
bypass channels around dams which are currently only valued in the context of fish migration. As evident 
from case studies in Germany, their functions as substitute habitats, e.g. for fish spawning, can be equally 
important and also need to be considered, particularly in highly fragmented stream ecosystems. A second 
example addresses a comparison of frequently used techniques of stream substrate restoration in Europe. 
Interestingly, one of the most heavily used techniques, the loosening of substrate with an excavator, has 
been shown to be least sustainable, additionally resulting in the strongest adverse effects on downstream 
habitats compared to all other techniques. As evident from this example, the use of bioindication tools 
such as the “egg sandwich” can be useful in pre-assessment of restoration success and in the decision on 
priority areas of restoration. A third example refers to a case study concerning the restoration of fish 
habitats in heavily modified waterbodies. Using a standardized restoration setup comprising four 
treatments with nine replicates each, the introduction of dead wood was identified as the measure that 
resulted in greatest fish aggregation, being at the same time particularly beneficial for juvenile life stages. 
In summary, the three diverse examples of stream restoration action investigated here all suggest that 
evidence-based approaches can greatly increase the success in stream habitat restoration and aquatic 
biodiversity conservation. 
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Introduction 

The Blueprint to safeguard Europe’s water resources has acknowledged that water quality and water 
quantity are intimately related within the concept of “ecological good status” and therefore has proposed a 
common implementation strategy (CIS) to suggest a EU definition of “ecological flows” (E-flows) and a 
working methodology to evaluate them in order to be applied in the next cycle of RBMPs. The Working 
Group, responsible for the development of a CIS on E-flows, has proposed a working definition of 
Ecological flows as “the hydrological regime that is consistent with the achievement of the environmental 
objectives of the WFD in natural surface water bodies as mentioned in Article 4(1)”. It has also reviewed 
several methodological assessments of hydrologic alteration that can be applied within the concept of 
evaluating the E-flows (WFD CIS, 2015).  

The main objective of this work is to develop a methodological framework that evaluates the ecological 
flows of surface waters using ecological indicators, related to the BQEs according to the WFD, following 
the methodological recommendations of the CIS Guidance Document No 31 developed by the WG on E-
flows. Our methodological approach is based on the hydrological assessment method ‘Indicators of 
Hydrologic Alteration’ (IHA), proposed by Richter et al. (1996) to enable rapid processing of daily 
hydrologic records that characterize natural flow conditions and facilitate evaluations of human-induced 
changes to flow regimes. A set of 33 hydrologic parameters is calculated with the use of the software tool 
IHA (version 7), which is available online at www.conservationgateway.org. These hydrologic 
parameters (Table 1) were selected based on their ecological relevance and their ability to reflect human-
induced changes in flow regimes. The IHA software tool calculates parameters for five different types of 
Environment Flow Components (EFCs): low flows, extreme low flows, high flow pulses, small floods, 
and large floods. These five types of flow events reflect the full spectrum of flow conditions that must be 
maintained in order to achieve a stable ecological intergrity (Mathews and Richter, 2007). 

Methodological approach 

We tested the proposed methodological framework in Pinios basin, a large river basin that covers almost 
entirely the River Basin District (RBD) of Thessaly in Central Greece. The hydrologic data used are 
comprised of simulated daily flows for 20 consecutive years, from 1991 to 2010, for 47 sub-basin outlets 
of the river basin. The simulated data were obtained by a detailed modelling system developed with the 
use of SWAT 2009 model and ArcSWAT interface as described in published articles by Panagopoulos et 
al. (2012, 2014a, 2014b). Based on these data we were able to calculate the E-flow components with the 
use of the IHA tool for each of the 47 subbasins delineated in the SWAT Pinios project. 

In order to assess the relations between the E-flow components and ecological indicators we used a large 
dataset of macroinvertebrate community data provided by the Greek National Monitoring program and 
published sources (For more details see Stefanidis et al. 2015). We used these data in order to calculate a 
series of macroinvertebrate metrics such as the BMWP (Biological Monitoring Working Party), the ASPT 
(Average Score Per Taxon) scores, the number of Ephemeroptera, Plecoptera and Trichoptera families 
(EPT), the relative abundance of Gastropoda, Oligochaeta and Diptera families subtracted from 1 (1-
GOLD), the Log transformed abundance of selected families of Ephemeroptera, Plecoptera, Trichoptera 
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and Diptera (Log10(SelEPTD + 1), the total number of taxa, the Shannon diversity index and the species 
evenness index. 

The next step was to identify significant relations between the E-flow components and macroinvertebrate 
indicators with the use of correlations and regression analysis. The goal of this process is to determine the 
flow events that have the largrest impact on the ecological indicators and select the most influential 
components. Finally, we examined the variability of the e-flow components for each class of ecological 
status in order to define the minimum flow conditions for sustaining “good” ecological status as defined 
by the use of macroinvertebrate indices. We expect that the outcome of this methodology can provide us 
with an efficient toolbox for assessing the E-flows at a larger scale (e.g regional or European) within the 
concept of the WFD. 
Acknowledgements 

This work was supported by the MARS project (Managing Aquatic ecosystems and water Resources under multiple Stress) funded under the 7th 
EU Framework Programme, Theme 6 (Environment including Climate Change), Contract No: 603378 (http://www.mars-project.eu).  

References 

Mathews, R., Richter, B.D. Application of the indicators of hydrologic alteration software in environmental flow setting. Journal 
of American Water Resources Association (2007), 43, 1400–1413. 

Panagopoulos, Y., Makropoulos, C., Mimikou, M. A multi-Objective Decision Support Tool for Rural Basin Management. 
International Environmental Modelling and Software Society (iEMSs). International Congress on Environmental Modelling and 
Software, Managing Resources of a Limited Planet: Pathways and Visions under Uncertainty (2012) Leipzig, Germany (1–5 July 
2012). 

Panagopoulos, Y., Makropoulos, C., Kossida, M., Mimikou, M. Optimal implementation of irrigation practices: a cost effective 
desertification action plan for Pinios. Journal of Water Resources Planning and Management (2014a) 140, 05014005. 

Panagopoulos, Y., Makropoulos, C., Gkiokas, A., Kossida, M., Evangelou, E., Lourmas, G., Michas, S., Tsadilas, C., 
Papageorgiou, S., Perleros, V., Drakopoulou, S. Mimikou, M., Assessing the cost-effectiveness of irrigation water management 
practices in water stressed agricultural catchments: the case of Pinios (2014b). Agricultural Water Management 139, 31-42. 

Richter, B., Baumgartner, J.V., Powell, J., Braun, D.P. A method for assessing hydrologic alteration within ecosystems. 
Conservation Biology (1996), 10, 1163–1174 

Stefanidis, K., Panagopoulos, Y., Mimikou, M. Impact assessment of agricultural driven stressors on benthicmacroinvertebrates 
using simulated data. Science of the Total Environment (2015), article on press 

WFD CIS. Guidance Document No 31: Ecological flows in the implementation of the Water Framework Directive. Technical 
Report (2015) 



Managing the effects of multiple stressors  
on aquatic ecosystems under water scarcity  
(FP7-ENV.2013.6.2-1– Grant Agreement no 60362) 

1st GLOBAQUA International Conference 
Managing The Effects Of Multiple Stressors  
On Aquatic Ecosystems Under Water Scarcity                                                    ORAL PRESENTATION 
11-12 January 2016, Freising (Germany)                                                                             Implications 
 
 

 
 

 
 

53 

Impact of multiple pressures on the ecological status of European 
rivers 

 
Bruna Grizzetti*, Alberto Pistocchi, Camino Liquete, Ángel Udias, Faycal Bouraoui and Wouter 

van de Bund 
 

 European Commission Joint Research Centre (JRC), Water Resources Unit, Ispra, Italy 
* bruna.grizzetti@jrc.ec.europa.eu 

 

This study examines the relationship between multiple human pressures on European rivers and their 
ecological status. The indicators of pressures are based on modelling assessments developed at the 
European scale (JRC indicators of pressures v1.0), and include nutrient pollution, hydrological changes 
and hydromorphological alterations. The information on the ecological status of rivers is derived from the 
data reported by the EU Member States under the Water Framework Directive. The analysis is conducted 
at the spatial resolution of catchments. We use statistical models (classification trees and random forest) 
to analyse the links between multiple pressures on rivers and their ecological status.  

The study shows that there is a significant correlation between the indicators of pressures based on 
modelling and the ecological status reported by the Member States. Among the pressures considered in 
the analysis, urbanization and nitrogen pollution (from agriculture and point sources) appear as important 
predictor variables for the ecological status of rivers. At the same time, the presence of natural areas in 
the river floodplains is associated with higher ecological status, indicating the benefits of maintaining and 
restoring nature along rivers. This analysis is relevant for understanding and quantifying how measures to 
reduce pressures affect the status and in turn the delivery of ecosystem services.  
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River ecosystems are complex systems naturally subjected to fluctuations on space and time around a 
steady state (dynamic equilibrium) which are governed by the external environmental conditions. If these 
are varied up to a threshold the system may shift towards a new contrasting steady-state or different 
regime. Characterizing the ecosystem stability and predicting the conditions under which such shifts are 
produced is a challenging task that has become in the last years an area of growing interest (Scheffer. et 
al. 2012; Rohr et al. 2014). The present work aims at progressing on the understanding of the 
relationships between the dynamics and stability of river ecosystems using two Mediterranean Rivers, 
namely the Ebro and Llobregat, as case studies. We ultimately aim at bringing closer modeling and field 
ecology under a common framework that facilitates the exploitation and interpretation of field 
measurements. To do so, we applied a mathematical dynamic model structurally equivalent to the well-
known Lotka-Volterra to the aforesaid rivers that takes explicitly into account spatial relationships (Dakos 
et al., 2010). Results obtained upon model application provide relevant information regarding questions 
like system’s stability (local and structural), transition between states, as well as, its relationship with 
environmental driving variables (stressors) on the specific cases studied. Experimental. Data were 
gathered from five sites of the Ebro and Llobregat river basins that were sampled for their physical (water 
flow, temperature, land uses), chemical (inorganic nutrients, conductivity, organic micropollutants), and 
biological (invertebrates, biofilm) descriptors along two field campaigns (Sabater et al. 2016) as part of 
the SCARCE project (Navarro-Ortega et al. 2012). Model outline and Results. The model is represented 
by a set of n (n=number of sites) differential equations x’ = xTα − xTβ x where x is a column vector of 
biological descriptors associated to each river site; x’ the vector of their time derivatives; α is the 
environmental field vector representing the local (site) interactions and β the interactions between 
neighbor sites matrix. β is conveniently parameterized considering both the connectedness between sites 
and its similarity (Figure 1).  
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EBRO C1

Eigenvalues: 2,357 1,620 1,000 0,380 ‐0,357

Eigenvector 1 Eigenvector 2 Eigenvector 3 Eigenvector 4 Eigenvector 5

EBR1 0,372 ‐0,520 0,426 ‐0,524 0,368

EBR2 0,596 ‐0,381 0,000 0,386 ‐0,593

EBR3 0,589 0,245 ‐0,431 0,240 0,591

EBR4 0,381 0,596 0,000 ‐0,593 ‐0,386

EBR5 0,120 0,411 0,796 0,410 0,124   

EBRO C2

Eigenvalues: 2,433 1,940 1,000 ‐0,433 0,060

Eigenvector 1 Eigenvector 2 Eigenvector 3 Eigenvector 4 Eigenvector 5

EBR1 0,397 ‐0,341 0,672 ‐0,397 ‐0,341

EBR2 0,616 ‐0,347 0,000 0,616 0,347

EBR3 0,538 ‐0,012 ‐0,648 ‐0,538 ‐0,012

EBR4 0,347 0,616 0,000 0,347 ‐0,616

EBR5 0,229 0,619 0,358 ‐0,229 0,619  
Figure 1. Ebro River stretch under study, showing values of the biological vector on each site (circle size 

proportional) and the similarity between neighbor connected sites, for campaigns 1 (C1) and 2 (C2). 
Eigenstructure (eigenvalues and eigenvectors) of β matrix is given in the attached tables (negative 

eigenvalues highlighted in bold). 

C C
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We assume that measured values of x on each campaign correspond to the non trivial steady-state 
solution of 0 = xTα − xTβx or, equivalently α = βx. The system is locally stable if the eigenvalues of β are 
all positive (Rohr et al. 2014) (Fig. 1 and tables). The leading eigenvector is indicative of the direction of 
maximum stability of the steady-state concerned (Rohr 2014). Vector α (calculated) captures the effects 
of the different environmental stressors on the system. Relevant information of the different stressor’s 
influence is obtained upon comparison of α with every single stressor vector (Figure 2). It is conjectured 
that transition from campaigns steady-states is likely to take place between the respective eigenstates 
showing highest collinearity, in the rivers studied it corresponds to the leading-eigenvectors (Figure 3). 
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Figure 2. Ebro River: Relationship between different stressors and calculated field vector α expressed as 
the cosine of the angle formed between α and the respective stressor vectors. Higher values of the cosine 
indicate increasing collinearity and thus higher stressor influence. Dotted line corresponds to an angle of 

45º (cos =0.707) which is given as reference. 

 

 

 

Figure 3. Ebro River: Most likely occurring transitions 
between the different eigenstates of two campaigns (C1 
and C2), characterized by higher collinearity (higher 
cosine). The eigenvectors concerned are linked by a 

line. The eigenvalue associated and the phase signs of 
each eigenvector are indicated in parentheses. 
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Morocco is a country suffering more and more from hydraulic deficit and the use of treated wastewater 
represents an alternative for water conservation, and sustainable economic growth of the country. 
Southern Morocco is most concerned with water shortage issues. The Agadir region is known for its 
agriculture and its tourist attraction, which puts a lot of pressure on water resources. At the same time the 
potential of treated wastewater is around 20 million m3/ year. 

Within the framework of the National Sanitation Plan (NSP), that was launched in 2006 to promote the 
reuse of treated wastewater, the local authorities dealing with water have initiated the reuse of reclaimed 
wastewater for landscape irrigation.  

The present paper deals with the constraints faced by one of the golf courses using treated wastewater for 
the last five years. This experience showed two major problems. The first issue is organic and mineral 
clogging of the irrigation system resulting mainly from the physical, chemical and biological quality of 
the treated wastewater. The second issue is related to the effect of the quality of the treated wastewater on 
soil and turf grass varieties. This is mainly due to the high sodium, bicarbonates and chloride contents in 
the reclaimed water, which leads to nutritional imbalance and affects the growth of turf grasses. 

Analyses of the treated wastewater showed high values of bicarbonates, sodium, and chloride which were 
respectively 6.0, 1.5, and 2.0 folds higher compared to the recommended value. It is suggested that these 
concentrations may explain the effect on the quality of turf grass espcecially in the greens. The clogging 
may be due to the way the treated wastewater is stored. 

Practical solutions are presented in this paper to overcome these problems and encourage treated 
wastewater reuse for the irrigation of golf courses and amenity. 
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Loss and degradation of natural habitats is a primary cause of declining biodiversity, yet humans must 
balance conservation with development needs. Habitat quality in river basins worldwide is affected by 
multiple human threats, and freshwater ecosystems are the most vulnerable because they receive the 
effect of threats originated in both the terrestrial and aquatic compartments. Among those threats, 
irrigated agriculture is a major driver of current and expected future global habitat degradation. Irrigation 
agriculture impacts habitats through diffuse pollution and water abstraction for irrigation, which actually 
constitutes 70% of all freshwater withdrawals worldwide (UNESCO 2009).  

In our work, we compare the effect of 8 different threats (agriculture, urbanization, mining, roads, urban 
wastewater discharges, water abstraction, dams and channeling) on habitat quality throughout the 
territories of 4 European river basins (Adige, Ebro, Evrotas and Sava). The study basins are characterized 
by different gradients of irrigation and precipitation-to-evapotranspiration ratios (P/ET). We use a 
spatially-explicit habitat quality model (InVEST, Tallis et al., 2011) to obtain maps of habitat quality for 
each of the basins, represented as a function of the suitability of each habitat type for biodiversity and the 
different threats affecting habitat. Habitat types are defined according to the basin land uses, and maps 
showing the intensity of threats in the basin are prepared for each of the threats. Input parameters for the 
model were obtained from a previous assessment performed in the Llobregat River basin (Terrado et al. 
2016), and through expert knowledge (Figure 1). Experts provided data about the relevance of threats and 
the maximum distance of threat affectation for the basin in which they had expertise. A confidence level 
of the expert answers was also obtained and incorporated to the calculation of the average parameter 
values for each basin. 

We assessed the current habitat quality (Figure 2) and the expected future habitat quality in the study 
basins. We used future scenarios of change in the irrigated area for Europe, developed within the EU FP-6 
project SCENES (Schaldach et al. 2012). Among the different proposed socio-economic scenarios, we 
selected the “Economy First” (EcF. In this scenario economy develops toward globalization and 
liberalization. Total crop production is growing by 29%. The EU is exporting agricultural goods to the 
world market.) scenario in combination with different assumptions for climate change in year 2050. EcF 
is classified as a reference (non-policy) scenario, therefore one of the worst-case scenarios in conservation 
terms. The selected climate scenarios show a high increase of temperature but have large differences in 
precipitation, representing “dry” (IPCM4 scenario) and “wet” (MIMR scenario) climate conditions. From 
the SCENES irrigation scenarios, we obtained new maps of threat intensity for two of the threats 
considered in the habitat quality model: (i) agriculture, since the area of irrigation agriculture in the basins 
is expected to change, and (ii) water abstraction, since the volume of water required for irrigation will 
also change. Comparing the current habitat quality with the predicted future habitat quality will allow 
identifying areas in which habitat quality -and probably biodiversity-, is expected to decrease the most as 
a result of the increase of irrigation. We hypothesize that this will occur in basins having a higher 
percentage of irrigated area and a lower P/ET ratio. We expect that the obtained results allow prioritizing 
conservation areas in future management conservation actions. 
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Figure 1. Relevance of the considered threats in the study basins (0-no relevance; 1-the highest relevance) 

 
Figure 2. Distribution of habitat quality in the river basins of study scored between 0 and 1; 1 meaning 

the highest quality  
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Introduction 

Freshwater ecosystems are under threat from the effects of multiple stressors, including organic and 
inorganic pollution, land use changes, water abstraction, invasive species and pathogens [1]. Little is 
known beyond the described effects of single stressors on the chemical and ecological status of water 
bodies and on their ecosystem functionality. This lack of knowledge limits our capacity to understand 
ecosystem responses to multiple stressors and to define a programme of measures that can improve the 
ecological status of a water body as sought by the European Water Framework Directive. People rely on 
ecosystems to provide many water related services[2]. Stakeholders, the beneficiaries of ecosystem 
services (ES) and those who own and manage landscapes that produce them play a key role in ecosystem 
service analysis.  

They identify the services they receive from a water body and its catchment [2].The ecosystem services 
framework aims to support informed decision making by explicitly linking the goods and services 
produced by functioning ecosystems to human well-being illustrating the broad impacts of various land-
use scenarios. The Economics of Ecosystems and Biodiversity (TEEB) approach provides a framework 
for assessing multiple stressor and multiple outputs of a river basin, facilitating management of a complex 
system. Economic valuation includes monetary and non-monetary methods. Monetary methods although 
under continuous development and construction are well documented [3], [4], [2]. Non-monetary 
valuation relies on perception and values of stakeholder at large. 

The objectives of this article are i) to clarify the methodology for participative valuation of ecosystem 
services following the TEEB framework for the assessment of aquatic ecosystems under multiple 
stressors, ii) to specify the role for stakeholder participation in the valuation of ecosystem services and iii) 
to describe the findings of an elicitation-workshop focused on the participative identification and ranking 
of ecosystem services at river basin level. The case study are is the Evrotas river basin in Greece. The 
core activity of the workshops is co-construction of ecosystem services, in three steps: (i) identification of 
ecosystem services in groups of four to six participants, (ii) plenary exchange of the findings, in order to 
identify the major ecosystem services, made specific for the river basin and (iii) individual ranking of 
ecosystem services by participants. A questionnaire build during the winitial part of the workshop, is then 
used to assess: 1) How important are the ecosystem services previously identified by the stakeholders), 2) 
Who benefits from these ecosystem services, and 3) Which ecosystem services are currently threatened 
by a decrease in the quality of the natural environment in your river basin?  

The main research question addressed is: 

How do stakeholders perceive Ecosystem services and functioning at river basing level? 

Materials and methods 

The practical framework to elicit stakeholder knowledge and to enable discussion around the functioning 
of Ecosystem services is based on a participative workshop with representatives from the public and 
private sector involved in water management, nature management, cultural heritage and water related 
economic activities, municipal, and regional planning. A brief presentation of Ecosystem definition and 
types was given in order to provide the participant with the same conceptual framework and basic 



Managing the effects of multiple stressors  
on aquatic ecosystems under water scarcity  
(FP7-ENV.2013.6.2-1– Grant Agreement no 60362) 

1st GLOBAQUA International Conference 
Managing The Effects Of Multiple Stressors 

ORAL PRESENTATIONS              On Aquatic Ecosystems Under Water Scarcity 
Implications                         11-12 January 2016, Freising (Germany) 
 
 

 
 
 
 

60 

knowledge of TEEB. Group-dynamic was rhythmed by group exercises, restitution of group findings in 
plenary session enabling expression of view- points and social learning.  

25 valid questionnaires were collected and analysed.  

Conclusions 

The proposed approach allows for the identification and ranking of ecosystem services, made specific for 
the different river basins in the Globaqua project which Evrotas is one of the case study areas. It is a 
promising way of integrating stakeholder perspective in a valuation of Ecosystem services in river basins. 
Stakeholders reported positively on participation in the workshops: they appreciated the opportunity for 
exchange with other stakeholders and found the discussion on ecosystem services useful. They came up 
with new interpretations of the concept of ecosystem services, thereby enriching the concept. Stakeholder 
involvement will prove to be useful in relation to ecosystem services valuation in the following ways:  

• Identification of important ecosystem services in case study areas by key stakeholders 

• A qualitative assessment of ecosystem services which cannot be expressed in monetary terms. 
The outcome of the valuation process depend on what the various stakeholders value, whose 
values count and who benefits. 

• Valuation may alert different groups of stakeholders to the impact of their choices on ecosystems  

• Valuation reveals conflicting interests as well as multiple benefits thus revealing opportunities for 
co-operation between stakeholders  
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During the last decades, the pursuit of economic development has resulted in the degradation of 
ecosystems worldwide. As a result the availability of water is at risk, due to the reduction in water 
quantity or the exacerbation of water quality. In Europe, restoration of aquatic ecosystems is considered 
to be a way to tackle these threats. Restoration can be seen as both a static and perpetuate process, 
depending on the case. For the purpose of this article, we define restoration as the process of returning to 
a pre-existing condition of a system in order to regain services that due to changes in the natural 
characteristics of a system have seized to exists, or their flow has been decreased. Following this 
definition of restoration, we analyse the restoration action in the context of Total Economic Value of 
Biodiversity. First, we discuss on drivers of environmental degradation. Then, we combine this with the 
Economic Value of Ecosystem Services in order to produce an interdisciplinary framework to assess the 
value of environmental goods. Finally, we present the results that can be taken from the implementation 
of the Benefit Transfer technique in a selection of restoration sites. We conduct this for different 
restoration projects of the Walland River in the United Kingdom. We use weights based on the water 
status before and after the implementation of the project to investigate how the value of ecosystem 
services changes when such detailed information is used. To our knowledge, although many papers exist 
in valuing restoration projects, this is the first paper that combined the Total Economic Value and 
Ecosystem Services framework to produce an integrated benefit transfer approach. The results indicate 
that indeed, the change in value of ecosystem services, due to restoration is contingent on the initial and 
final levels of the status of the river resources. 
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The EU research project MARS (Managing Aquatic ecosystems and water Resources under multiple 
Stress) supports water managers and policy makers at the water body, river basin and European scales in 
the practical but modernised implementation of the Water Framework Directive (WFD). MARS conducts 
new research and syntheses of existing knowledge concerning the effects and management of multiple 
stressors on surface water and groundwater bodies. MARS advises the 3rd River Basin Management 
Planning cycle and the revision of the WFD on integrating new indicator types to diagnose and predict 
changes in ecological status, ecosystem services and water quantity. MARS develops and improves 
integrated tools to support decision making in Programmes of Measures to mitigate the effects of multiple 
stressors on water resources. These management tools will be based on an enhanced process 
understanding and on quantified links between the status of water systems and ecosystem services. 

In this talk, we will present notable achievements of MARS during the first two years of its duration, 
focussing on (i) the multi-stressor analyses at European scale, and (ii) the development of tools 
supporting water management under multi-stress conditions. 

(i) European scale analyses 

We compiled a European geo-database based on EU-wide reporting activities (e.g. EEA databases, WISE 
SoE) and results from modelling activities at European scale (e.g. MONERIS, LISFLOOD). These data 
are being integrated using spatial analysis tools and ECRINS GIS reference layers. At the same time, we 
developed methodologies to classify multiple stressors, analyse the relations between multiple stressors 
and ecological status and assess the relations of E-flows to ecological status at European scale. The 
European scale analyses contribute to the tool development by providing a geospatial background for the 
web-based information system and the diagnostic tools for European water bodies. 

(ii) Multiple stressor tools 

MARS currently builds i) a wiki information system on a wide range of topics associated to River Basin 
Management under multiple stress; ii) a diagnostic tool applicable at the water body scale; iii) guidance 
on how to select the best model combination to appraise and manage multiple stressors and iv) a scenario 
analysis tool to allow advanced resource planning. The design and first prototypes of these tools are 
presented during the talk. 
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Within the range of Mediterranean ecosystems, Israel represents an extreme case of a water-stressed region 
that results from its semi-arid climate, the geophysical topography, the dense population, and the regional 
complex politic situation. Over the last century, ensuing agricultural and urban development led to augmented 
human demand for land and to an overwhelming exploitation of freshwater resources. Many perennially 
flowing streams became intermittent, temporary streams dried out completely, while naturally dry channels 
(Wadies) were transformed into perennially-flowing conduits of waste waters. For the past three decades, the 
Israel Ministry of Environmental Protection (IMEP) has put tremendous efforts in stream restoration projects 
to enhance ecological functionality and integrity. Although in some cases these efforts seem to be fruitful, the 
change in ecological state has nevertheless been rarely confirmed. Although Israel is a non-EU country and 
therefore is not obliged to implement the Water Framework Directive, there is a strong agreement among 
Israeli decision makers on the need to develop a comparable framework for biologically monitoring the 
ecological state of streams and rivers as a management tool. The ESSESMENT project (“Ecological Status, 
Ecosystem Services and Management of the Lake Kinneret Catchment”: 2015-2017) is a first and important 
step towards this goal. The aim of the project (supported by grant from the German-Israeli Foundation for 
Scientific Research and Development and by the IMEP) is to develop a national river basin biomonitoring 
programme, using Lake Kinneret (Sea of Galilee) as a model catchment. Lake Kinneret is the only natural 
freshwater lake in Israel, providing numerous ecosystem services, including the supply of drinking water, 
fishery, recreation and tourism. As agriculture is the predominant landuse in this area, the catchment are 
regularly monitored with the main focus on water flow and water quality, but not biology. In addition, water 
related sports (e.g. kayaking) and recreation (in-stream activities) are a highly popular touristic attraction in the 
area, adding another source of intermediate, yet intense pressure acting mainly during summer and on the 
relatively pristine streams. In this talk, I will first present the general setting of the project and discuss the main 
achievements of the first year. The first year of the project focused on five successive steps: 1) development of 
stream typology, 2) identification of common stressors, 3) selection of representative sampling reaches, 4) 
macroinvertebrate sampling, and 5) developing suitable lab procedures for macroinvertebrates sorting and 
taxonomic determination. Stream typification (based on topography, stream size, slope, geology, hydrology 
and rainfall) resulted in 11 stream types covering 131 streams, at an altitude range from 664m above sea level 
to 190m below sea level. Apart from for the Jordan River and its main tributaries (Dan, Snir, Hermon), the 
majority of streams in the catchment are characterized by intermittent or quasi-ephemeral flows. Sampling 
sites were selected to represent the most dominant stream types and the most common typical stressors, which 
are mostly related to damming, water abstraction, agriculture, recreational activities, and cattle grazing. At 
most streams, at least two pressures were acting, with some locations having as much as six pressures acting 
simultaneously. Macroinvertebrates were collected using a standardised multi-habitat sampling protocol, 
together with a detailed site-protocol. Preliminary results indicate the presence of a diverse macroinvertebrate 
community, possibly comprising of several rare and endemic species. The relationships between the 
macroinvertebrate community and various environmental features, water quality parameters and other local 
stressors (e.g. tourism, grazing) are currently being used for developing suitable ecological indicators. The 
importance of ecosystem services provided by stream ecosystems are also being analysed at the catchment 
scale. The evidence gained in this project will represent an extreme case of a heavily impacted water-stressed 
region. This highlights the need for regional sharing of knowledge and for a stronger scientific cooperation 
among even among the Mediterranean countries that are challenged by similar water-related problems.  
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The contribution illustrates a modelling framework aimed at evaluating the relationships among multiple 
stressors and water body status for the purposes of river basin managerment, building on a famework 
(LISQUAL: De Roo et al., 2012) previously developed by the JRC and applied to support the impact 
assessment of the EC Water Blueprint (European Commission, 2012). 

The framework integrates models of hydrology, water demand by different economic sectors, nutrient 
loads, chemical pollutants, as well as hydromorphological pressure indicators, and incorporates methods 
for the optimization of measures for the goal of achieving the objectives of the Water Framework 
Directive 60/2000/EC on the basis of the relative economic value of water use by sectors, costs and 
benefits of pollution control options, and the effects of measures on the flow of ecosystem services.  

The contribution illustrates the general lines of the framework and, more in detail, the proposed approach 
to relatively non-standard stressors such as multiple chemicals (through a meta-chemicals approach as 
shown by Weissteiner et al., 2014), and hydromorphological pressures.  

Finally, we provide perspectives for the application of the framework at pan-European scale.  
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Integrated watershed management (IWM) is increasingly used to achieve targets for preventing and 
managing water pollution. Two of the main challenges posed by IWM are (1) getting a reliable 
assessment of water quality (WQ) through water quality monitoring programs (WQMPs) and (2) 
involving stakeholders in the process of IWM and implementation of WQMPs so that they can be part of 
the decision-making, understanding the stakes and integrating this knowledge in decisions and actions 
designed to protect the resource. However, planning and optimizing WQMPs is a very complex process 
due to the large number of factors that need to be considered: selection of monitoring objectives, 
sampling sites, WQ parameters, sampling frequencies and human, financial and technical resources. 
Indeed, there is no generally accepted practical holistic strategy to support all phases of planning and 
optimizing WQMPs. 

In order to support watershed managers in the process of planning and optimizing WQMPs in a holistic 
and participative way we propose the development of the conceptual model of a user-friendly, intelligent 
decision support system (IDSS) for planning and optimizing WQMPs. The conceptual model is being 
designed based on information and issues related to WQMPs obtained through an extensive literature 
review and expert interviews. Unified Modeling Language is being used to depict the model in order to 
facilitate communication between domain experts, system design and software programmers for its 
implementation. 

Since the IDSS will be designed to be driven by clear monitoring objectives and the challenge is to 
develop means to involve all stakeholders within a watershed, the second objective consists of the 
elaboration of a participative approach destined to the organized stakeholders and the general public of a 
watershed, in order to elicit knowledge about needs for WQ, acquire information on WQ issues and to 
obtain an appreciation of existing WQ assessment. 
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Huelva: the land of the red gold 

Huelva (Andalucia, Spain) is known for its large scale production of berries and is home to Europe’s largest 
wetland, the Doñana National Park. Water shortages in Huelva have become more prominent over the last 
decades (Velaquez 2007). This has led to minor conflicts between different water users, especially when 
clear rules and regulations were not forcified or simply absent. This paper studies the implementation of the 
Water Framework Directive (WFD) in Andalusia and reflects on the directive’s first 15 years of roll-out 
across European Member States – which is often reported to be a rather slow process. Disagreements and 
conflicts between different stakeholders in Huelva have been studied and help explaining why the region 
has been unsuccessful to put effective water use regulation into place over the last 15 years. This paper 
reviews current sustainability practices strawberry and raspberry producers in Huelva have adopted to 
improve irrigation efficiency and, in general, to reduce the pressure of an intensive cultivation on natural 
resources, including soil. These practices, and additional local tools and solutions are presented to include 
into farmer training programs to ensure a successful implementation of change practices. 

Decentralization of water management in Andalusia 

Water management in Andalusia has been decentralized in 2009 after a referendum. Contrary to what the 
European Union promotes as part of its Water Framework Directive (Directive 2000/60/EC), the river 
basin is not managed by a river basin authority that directly reports to the central administrative 
authorities in Madrid. Different stakeholders voted in favour of and others voted against the 
decentralization of water management based on different incentives: private sector companies were 
interested because they saw the possibility to gain more water titles; irrigation communities 
(Comunidades de Regantes) that have been allocated historic water rights were against as they were afraid 
to lose their titles; the Confederacion Hidrografica del Guadalquivir (CHG) and several NGOs did not 
believe in the success of decentralization as they had doubt about the regional authorities’ capability of 
managing the complexity in the region and provide enough support for ecosystem needs (Thiel 2015). 
Interestingly, newly established irrigation communities were in favour. Thiel reports that this might have 
been the case because of the possibility to legalize illegal water use. 

The Guadalquivir river basin is headed towards “closure” 

At the moment, Andalusia is the most intensively irrigated area in Spain. About 58% of the water used in 
Andalusia is obtained from the Guadalquivir river. The irrigated surface is about 8.000 km2 

(Confederacion Hidrografica del Guadalquivir 2013). In 2009, the water demand from the agricultural 
sector was around 3.500 hm3/year compared to a total demand of 4.000 hm3/year. While the demand for 
irrigation water use decreased in Spain’s other Comunidades, the demand in Andalusia increased to 3.760 
hm3/year in 2013 (Instituto Nacional de Estadistica 2015). Intensive agricultural production is believed to 
be the reason why the Guadalquivir river basin is headed towards “closure”. Almost all renewable water 
resources within the basin are reported to have been allocated and only a small of uncommitted flow 
remains – insufficient, both in quantity and qualitity, to fulfil the needs of ecosystems downstream the 
catchment area (Berbel et al. 2013). The first sign of basin closure is usually a decline in ecosystem 
resilience (Molle and Wester 2009). Basin closure is said to be evident since discharge into the Doñana 
National Park, located at the right bank of the Guadalquivir river, has reduced with 50% as reported by 
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UNESCO. International environmental agencies and NGOs, including UNESCO, have requested the 
Andalusian Regional Government (Junta Andalusia), to immediately implement a special management 
plan for irrigated land located to the north of the wetland (UNESCO 37 com. 2013; Rodriguez and 
Stefano 2013). Strawberry production in the Huelva - a €300 mln business - has been pointed out as the 
main cause for reduced water flow into the National Park. Farmers are reported to have drilled over 2000 
illegal wells, reducing base flow in a number of creeks flowing into the park, besides occupying natural 
pine forest areas and as such contributing to further fragmentation of ecological corridors. The Junta and 
the Ministry of Environment, who are together responsable for the management of the wetland do not link 
the deterioration of Doñana’s ecosystems with intensive agricultural production upstream. They do, 
however, emphasize that irrigation needs to become more efficient. 

Failing policy 

The complexity of managing different stakeholders and the reported lack of strict regulation concerning 
authorized water use and control on groundwater extraction may be the main reason why the quantitative, 
qualitative and ecological status of natural surface water bodies has not reached a “good” status in 
Andalusia according to the latest European Commission reports (2015). Since the implementation of the 
WFD, local regulations have been adapted to: stop unauthorized drilling of wells, demarcate irrigated 
land and the natural park of pine forests upstream of the wetland (POTAD, Ordination Plan for the 
Doñana area) and regulate irrigation (PECN, Special Plan for the Regulation of Irrigation). However, 
these regulations do not seem to have stopped the construction of illegal wells. In fact, about 7000 ha of 
land in Andalusia is still irrigated making use of illegal wells. 

Policy review and recommendations 

The WFD is a policy model that has been used in all EU Member States regardless of Member States’ 
history in water management based on a couple of successes in river basin management. This paper builds 
forth on Molle’s (2008) view on the development of water policies which are said to be shaped by 
prominent world views or interests of powerful individuals. The first chapter of this paper outlines the main 
aspects covered by the newest management plan for irrigation, the Plan de la Corena legalized in 2014. The 
second chapter reviews the current set up of water management and water planning activities in the 
Guadalquivir river basin illustrating the different responsibilities of the Junta and the CHG. The following 
chapters summarize insights obtained from field visits to berry producers in Huelva in May 2015. We reflect 
both on good and poor water management practices which we observed in the field, and in general on tools 
and solutions that are available to farm managers to use in order to manage water resources more 
sustainably. In the conclusion, we make a number of recommendations to policy makers in Andalusia and at 
the EU level including the importance of engaging with local stakeholders and how to promote the use of 
pragmatic tools and solutions that could support sustainable water management at the farm. 
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Due to spatial and temporal variations in quality, a monitoring program, providing a representative and 
reliable estimation of the surface waters is necessary. Various methods can be applied to characterize and 
evaluate freshwater sources by interpreting complex data sets, created by long-term water quality 
monitoring programs (Zhang et al, 2009). Since the state of an ecosystem is depending simultaneously on 
many factors and parameters, these systems are multivariate in nature (Simeonov et al, 2010). Therefore 
the interpretation of the monitoring data sets has to be performed by the use of the multivariate statistical 
methods rather than univariate. In the present study, a large data matrix, obtained from three reservoirs 
(Tahtali, Balcova and Ürkmez) during a 3-year monitoring program on monthly basis was subjected to 
different multivariate statistical techniques. Tahtali and Balcova reservoirs are located in the urban area 
and used to supply fresh water to Izmir, the third largest metropolitan area with over 3 million 
populations. Balcova reservoir located on Ilıca River and reservoir annual water potential is 12 million 
m3. The capacity of Tahtali Dam is 128 million m3. Ürkmez reservoir has been designed for drinking 
water supply and also irrigation. Drainage area of the dam is 30.81 km2. Avarege 4.04 million m3/yr water 
is generated from the reservoir (0.78 million m3/yr is used for drinking water supply and 3.26 million 
m3/yr for irrigation) (IZSU, 2015). 
Overall objective of the study was to: 

• investigate seasonal differences in water quality in reservoirs 
• investigate dissimilarities between reservoirs  
• determine parameters discriminating water quality  
• detect actual or potential water quality problems; if such problems exist.  

Samples analysed for the variables were divided into three classes: 
• physical and inorganic chemical (e.g. sulphate, nitrate, chloride, ammonia) 
• organic (e.g. biological oxygen demand, total organic carbon, kjeldahl nitrogen) 
• inorganic pollution (mercury, cadmium, lead, arsenic, copper, total chromium, barium) 

and were subjected principal component and discriminant analysis. The principal component analysis 
technique was employed to extract the parameters that are most important in assessing seasonal variations 
of river water quality. On the other hand, discriminant analysis (DA) was applied to investigate spatial 
variations. Linear discriminant functions were calculated to distinguish reservoirs.Results showed that a 
parameter that is most important in contributing to water quality variation for one season may not be 
important for another season. On the other hand DA results produced information on parameters that are 
responsible for significant variations between monitored reservoirs. The results illustrates the usefulness 
of multivariate statistical techniques for analysis and interpretation of complex data sets in water quality 
assessment, fingerprinting of pollution sources and investigation of temporal/spatial variations in water quality. 
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The opportunity to apply systems thinking, an ecosystem approach to the implementation of the EU 
Water Framework Directive is central to UK policy and an emerging trend in European Policy thinking. 
Systems thinking and the use of ecosystem services in the implementation of the WFD, follows the wider 
adoption of an integrated Catchment Based Approach to improving the quality of the water 
environment. Freshwater ecosystems provide a range of benefits that maximise societal welfare, and 
WFD measures to improve water quality have a clear role to play ensuring their delivery. The paper 
presents a participatory approach to selecting appropriate measures, through a process of identifying how 
different catchment activities (pressures) influence and interact with the delivery of ecosystem services at 
the catchment. Understanding these interactions between pressures, ecosystem services and WFD 
classification data, aims to inform the overall design and selection of Programme of Measures. Managing 
pressures to maximise delivery of important catchment ecosystem services, offers the opportunity to 
deliver and implement an integrated water management approach that offers multiple benefits including 
the water quality improvements required by the WFD. The approach is currently being tested, and 
findings from the preliminary stakeholder workshop carried out for the Broadland Rivers Catchment will 
be presented. This is an important first step towards the Paradigm Shift in Environmental Policy required 
to ensure a more sustainable and holistic approach to water management. 
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The integration of scientific knowledge for managing multiple pressures on river basins, requires an in-
depth cooperation between many disciplines from social and natural sciences, like biologists, eco-
toxicologists, hydrologists, geologists, economists, spatial/urban planners, sociologists, policy analysts, 
etc. However, interdisciplinary work is not self-executive due to epistemological differences between 
scientific disciplines and their different approaches. Every discipline has its own specific framing, 
language, routines, and ways of generating relevant and reliable knowledge. A fundamental challenge is 
therefore to overcome problems created by differences in disciplinary cultures: to cross the conceptual 
and methodological boundaries between the prevailing fields of research. 

We argue that integration of knowledge for river basin management requires interdisciplinary science. 
Interdisciplinary science is conceptualized with four dimensions:  

1. The scope or broadness of interdisciplinary research; 

2. The degree of interactive research and integration of research components; 

3. The degree of integrative understanding; 

4. Effectiveness in advancing understanding  

Within the FP7 project GLOBAQUA the development of interdisciplinary science is followed through 
observations and a well-designed questionnaire based on the four dimensions. The questionnaire is used 
to assess the impacts of integration sessions and other joint activities of the project team. Through this 
activity the progress of the interdisciplinary work is monitored during the lifetime of the project. 

In this presentation the progress of the interdisciplinary development and specific results of the 
monitoring of the first two years of the GLOBAQUA project are shown. The four dimensions will be 
illustrated with the results of the interdisciplinary monitoring.  

From the evaluation of the FP7 ARCH project we know that the following factors enhance 
interdisciplinarity: open mindedness of the project partners, trust building between the partners, the role 
of facilitative leadership, developing a common vocabulary and the role of boundary objects (like joint 
models, maps or reports). We expect that these same aspects will also influence the interdisciplinarity of 
GLOBAQUA. In the presentation we will show which of these factors are present in GLOBAQUA and 
which factors influence the interdisciplinarity the most.  

Furthermore, we will touch upon the motivation for integration. Is it merely because of external factors 
(the questions from the river basins) or merely internally motivated (integrate what is easy to integrate)? 
From this an advice will be presented about how the connection to the river basin (authorities/ 
Commissions, etc.) can be made in GLOBAQUA. 
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According to current climate projections, Mediterranean countries are at high risk for an even pronounced 
susceptibility to changes in the hydrological budget and extremes. These changes are expected to have 
severe direct impacts on hydrological catchment quantities. Hydrological climate change impacts might 
be a main stressor for future changes in the agricultural productivity, drinking water supply and finally for 
the eco system services. Current projections of future hydrological change, based on regional climate 
model results and subsequent hydrological modeling schemes, are very uncertain and poorly validated. 
The Rio Mannu di San Sperate Basin, located in Sardinia, Italy, was one test site of the CLIMB project. 
The Water Simulation Model (WaSiM) was set up to model current and future hydrological conditions. 
The availability of measured meteorological and hydrological data is poor as it is common for many 
Mediterranean catchments. In this study we conducted a soil sampling campaign in the Rio Mannu 
catchment. We tested different deterministic and hybrid geostatistical interpolation methods on soil 
textures and tested the performance of the applied models. We calculated a new soil texture map based on 
the best prediction method. The soil model in WaSiM was set up with the improved new soil information. 
The simulation results were compared to standard soil parametrization. WaSiMs was validated with 
spatial evapotranspiration rates using the triangle method (Jiang and Islam, 1999). WaSiM was driven 
with the meteorological forcing taken from 4 different ENSEMBLES climate projections for a reference 
(1971–2000) and a future (2041–2070) times series. The climate change impact was assessed based on 
differences between reference and future time series. The simulated results show a reduction of all 
hydrological quantities in the future in the spring season. Furthermore simulation results reveal an earlier 
onset of dry conditions in the catchment. WaSiMs hydrological modeling results were compared to other 
hydrological modeling studies (e.g. Piras et al. (2014)) conducted in case study. Results show, that even 
in a setup harmonized hydrological model ensemble with similar climate model forcing, especially the 
runoff simulation implies the highest uncertainty of all water balance components. The results of the 
climate change impact assessment show that uncertainties, which come from the climate model input, the 
applied hydrological model and the model setup, in terms of soil physical input, are in the same range of 
magnitude. We show that a solid soil model setup based on short-term field measurements can improve 
long-term modeling results, which is especially important in ungauged catchments. We show furthermore, 
that there is on the one hand a clear trend to significant changes in the Rio Mannu basin, but which on the 
other implies a wide range of uncertainties coming from different sources. Profound river basin 
management, adaption strategies and policymaking should consider those uncertainties. 
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Within the GLOBAQUA project, scenarios will be provided to assess future changes on aquatic 
ecosystems and effects on multiple stressors existent in these ecosystems. Therefore, large and medium 
scale river basins are chosen as test sites to perform the required sampling and modelling activities: The 
Ebro located in Spain (80,000km²), the Sava, crossing Slovenia, Croatia, Bosnia – Herzegovina and 
Serbia (100,000km²), the Adige in Northern Italy (12,000km²) and the Evrotas basin in Greece 
(2,600km²). 

Water scarcity can be considered as one of the most crucial stressors on aquatic ecosystems, as it not only 
represents a single stressor, but can also trigger further stressors such as concentration of pollutants. 
Climate change will likely increase pressure on water balances of Mediterranean basins due to decreasing 
precipitation and rising temperatures [Navarro-Ortega, 2014]. In this context, assessing changes on the 
water balance on the large scale in a spatially explicit manner becomes an inevitable task.  

In this study the total runoff (mrro), evaporation (evspsbl) and precipitation (pr) are derived from climate 
model simulations of the Coupled Model Intercomparison Project Phase 5 (CMIP5) to serve as a 
benchmark to assess the impact of climate change on hydrological quantities. These variables are 
available for an ensemble of regional climate model (RCM) simulations, provided through the EURO-
CORDEX initiative. Mrro represents the cell-specific total runoff flux at a daily time step [Sperna 
Weiland et al. 2011], whereas evspsbl is the water evapotranspiration flux.  

Twelve different combinations of general circulation models (GCMs) forcing different RCMs are 
available at 0.11 degree spatial resolution. This allows a thorough investigation of the impact of GCM 
and RCM on the resulting hydrological output. The hydrological quantities are then analysed for a 
reference period under current conditions (1980 – 2010) and climate change impact is investigated based 
on the 2050s period (2040 – 2070). Projections are available for two Representative Concentration 
Pathways (RCPs), rcp 4.5 and 8.5 representing different radiative forcing.In a first step, the water balance 
will be calculated for the reference period for each RCM-GCM-combination to determine the portioning 
of the three components. Previous studies revealed major differences among the RCMs of previous 
simulations for the Coupled Model Intercomparison Project Phase 3 (CMIP3) [Graham et al. 2007]. In the 
next step future simulations are used to assess climate change impacts on the components of the water 
balance and reveal possible surpluses and deficits. In this way spatially explicit information of potential 
drought risks are derived to serve as a large scale benchmark for further modelling activities. 
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The Plio-Quaternary aquifer of Chtouka is located in an intensively exploited area in Southwestern 
Morocco under arid climate conditions. The intense agricultural activity in Chtouka basin requires the 
mobilization of 94% of water resources for irrigation purposes. This overexploitation, along with the 
succession of drought years, Sea water intrusion and various sources of pollution, affected the quality and 
quantity of water resources. Several sampling campaigns were carried out in different parts of the study 
area to investigate the spatial evolution of groundwater quality and the sea water intrusion. Historical data 
from the Agency of the Hydraulic Basin of Souss Massa Drâa (ABHSMD) and results from previous 
studies are also used to evaluate the temporal evolution of groundwater depletion, quality and agricultural 
activity impacts. The temporal evolution of groundwater level shows that the aquifer was subjected to a 
gradual decline in the last decade indicating an intensive exploitation and global change. Chemical results 
indicate an increase of groundwater mineralization from the North to the South, and from the East to the 
West. The marine intrusion is mainly observed in the coastal area and along Massa river where the water 
level is relatively low. Nitrate concentrations indicate a spatial variation. The values do not exceed 50 
mg/l and exhibit general trends to decrease during the last years mainly within the irrigated perimeter. 
This finding is explained by the improvement of agricultural practices particularly the conversion of 
surface and sprinkler irrigation system into drip irrigation in most of the farms. This paper describes the 
current state of groundwater quality in Chtouka with an overview of nitrate evolution, land use and 
irrigation mode in the agricultural area. 
Acknowledgements 

We thank a lot the personnel of Hydraulic Basin Agency of Souss Massa for their support and cooperation in providing all 
necessary data and the University of Bonn, Germany for their contribution to the sampling campaign. 

References 

Agence Bassin Hydraulique Souss-Massa, Plan Directeur d’Aménagement Intégré des Ressources en Eau, (2008) Vol 6, 99p. 

Agence Bassin Hydraulique Souss-Massa, Plan Directeur d’Aménagement Intégré des Ressources en Eau, (2006) Vol 3, 120p. 

Ahkouk S.. Impact des fertilisants agricoles et du mode d’irrigation sur la qualité des eaux souterraines en zones irriguées sous 
climat semi-aride : cas de la plaine des Chtouka, Bassin du Souss-Massa, Maroc. (2004) Thèse de doctorat national. Univ. Ibn 
Zohr, Fac. Sci. Agadir, 161p.  

Bouchaou, L. Tagma, T. Boutaleb, S. Hssaisoune, M. El Morjani, Z.E.A. Climate change and its impacts on groundwater 
resources in Morocco: the case of the Souss- Massa basin, (2011) Taylor & Francis, Chapter 8 pp.129-144 

Cosserat, M., Decau, J., Patacq-Crontzet, H. and Pujol, B. Fertigation in coarse-textured soil. Consequences on production and 
nitrate pollution. In: Nitrate-Agriculture-Eau, (1990). (Calvet, R.eds.), INRA, Paris, France, pp. 257-262. 

CUSTODIO E., (2012) Gestion des aquifères littoraux en Europe AIH–CFH : Colloque Ressources et gestion des aquifères 
littoraux Cassis, 15–17 Mars 2012  

GHAZALI D. ZAID A. (2013) étude de la qualité physico-chimique et bactériologique des eaux de la source Ain SALAMA-
JERRI (Région de MEKNES, Maroc) Larhyss Journal, ISSN 1112-3680, n° 12, Janvier 2013, pp. 25-36 

HAUT-COMMISSARIAT AU PLAN (HCP) Rapport l’Annuaire statistique de la région Souss-Massa-Draa, 2012 (version arabe 
et française) 167p. 



Managing the effects of multiple stressors  
on aquatic ecosystems under water scarcity  
(FP7-ENV.2013.6.2-1– Grant Agreement no 60362) 

1st GLOBAQUA International Conference 
Managing The Effects Of Multiple Stressors 

POSTER PRESENTATIONS               On Aquatic Ecosystems Under Water Scarcity 
Stressors                         11-12 January 2016, Freising (Germany) 
 
 

 
 
 
 

78 

Kaszynski, G. M., LaFevers, J. R., Beck, R. L., Harrigton, K. L. and Kremer, F. The environmental impacts, institutional problems, 
and research needs of sanitary landfill recovery. (1981) Argonne National Laboratory, ANL-CNSV-TM-86. 

KIM, J.G., CHON, C-M, LEE, J-S. (2004). Effect of structure and texture on infiltration flow pattern during flood irrigation. 
Environmental Geology, 46: 962–969. 

Krimissa S. Nappes superficielles en zone semi-aride : origine des eaux et de la salinité, renouvellement : exemple des nappes Massa 
et Souss. (2005) Thèse de doctorat, Univ. Franchecomté, Besançon, France, 196p. 

Laouina,A « Gestion Durable Des Ressources Naturelles Et De La Biodiversité Au Maroc » Rapport du Haut-Commissariat au Plan, 
(Mars 2006), 118p. 

MIMOUNI, A. ET AIT-LHAJ, A. Pratique de la fertilisation dans la région du Souss-Massa et les conséquences sur la pollution des 
eaux souterraines par les nitrates (2006). Proceeding of the first international congress « Integrated Water Resource Management 
and Challenges of the Sustainable Development », Marrakech, 23-25 Mai 2006. 

Office régional de mise en valeur agricole de Souss-Massa rapport « évolution des superficies et productions moyenne des cinq 
derniéres campagnes, total zone d’action » (2015) Document interne. 

Pixie, A.H. and Dennis, R.H. Effects of agriculture on groundwater quality in five regions of the United States. (1995) Ground 
Water, 33: 217-226.  

Tagma,T. Ressources en eau souterraine de l’aquifère du massa : étude de la qualité et de la vulnérabilité. (2011) Thèse de 
Doctorat, Univ Ibn zohr, Agadir, Maroc. 111p 

Tagma,T. Hsissou,Y. Bouchaou,L. Bouragba,L. and Boutaleb,S. Groundwater nitrate pollution in Souss-Massa basin south-west 
Morocco.( 2009) African Journal of Environmental Science and Technology 310: 301-309. 

Vinten,A.J.A. Vivian, B.J. Wright, F. and Howard, R.S. A comparative study of nitrate leaching from soils of differing textures under 
similar climatic and cropping conditions. (1994) Journal of Hydrology, 159: 197-213.  

 



Managing the effects of multiple stressors  
on aquatic ecosystems under water scarcity  
(FP7-ENV.2013.6.2-1– Grant Agreement no 60362) 

1st GLOBAQUA International Conference 
Managing The Effects Of Multiple Stressors  
On Aquatic Ecosystems Under Water Scarcity                                               POSTER PRESENTATIONS 
11-12 January 2016, Freising (Germany)                                                                                  Stressors 
 
 

 
 

 
 

79 

Basin-scale and climate influence on sediment yield in Western 
Mediterranean basins 

 
Cristina Buendia1,2*, Ramon J. Batalla1,2 and Sergi Sabater1 

 
1 Catalan Institute for Water Research (ICRA), Girona, Spain 

2 Fluvial Dynamics Research Group-RIUS, University of Lleida, Lleida, Spain 
*cbuendia@icra.cat 

 

Mediterranean basins are generally characterized by high sediment yields (Conacher and Sala 1998; 
Milliman, 2001). In addition, the warm and dry climate intensifies the anthropogenic pressure on water 
resources, which may afect the natural fluxes notably, more than in other regions of the world. Human 
activities such as damming, extensive agriculture and extension of urban areas can highly alter natural 
erosion rates and river sediment transport. Such intervention in the territory result in severe consequences 
for land use (through the loss of fertile soils or for the geomorphologic evolution of river beds) as well as 
in coastal zone (altering the coastline morphology or the metabolism of estuaries), the global 
biogeochemical cycling (such as the global carbon cycle) and the transport of human released pollutants 
(many contaminants are strongly associated with the transport of sediment in rivers). 

Understanding the response of sediment yields to global change requires an understanding of the 
variables controlling land erosion and subsequent sediment transport. The aim of our study is to 
determine the main factors and relationships that drive sediment fluxes in the western Mediterranean 
basins, probably one of the most vulnerable areas under the projected scenarios of global change. For this, 
we have collected data on sediment yield from over 135 locations distributed across the western 
Mediterranean area. Since area has been long considered an important driver of sediment yield, we have 
included a wide range of basin sizes, ranging from 1 km2 to the order of 100,000 km2. The dataset 
comprises sediment data derived from both reservoir sedimentation surveys as well as from sediment 
transport records found in the literature. 

In each of the locations a range of basin-scale and climate variables have been calculated to assess their 
relationship with sediment yield. These variables included: (i) Climatic data (annual rainfall and mean 
temperature, aridity and seasonality index); (ii) Hydrological data (Annual runoff, runoff coefficient and 
impoundment ratio); (ii) Morphometric parameters (basin area, perimeter, shape factor, slope and 
elevation); (iii) Land Use (percentage of forest, agriculture and urban areas); and (iv) Lithology 
(Percentage of easily erodible materials). Results from the analysis will allow stablishing correlations 
between sediment yields and a range of environmental parameters in western European basins as well as 
determine how river dams influence such relations, tackling one of the Globaqua Work Package n.4 main 
objectives. The applicability of empirical relationships established in the literature at a global scale (e.g. 
deVente et al., 2011) will also be assessed. 
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It is likely that aquatic systems are among the most sensitive of all ecosystems to climate change and to 
other numerous anthropogenic stressors on water quantity and quality, such as acidification, pollution 
(e.g. by nitrates, metals, and other toxic substances), land use and land cover change. There is an urgent 
need, therefore, to bettter understand groundwater system, in regards to identifying the sources of 
groundwater and the infiltration areas, its dynamics and vulnerability to contamination from industrial 
and agricultural activities, and to assure its sustainable development for future generations. The 
Ljubljansko polje aquifer system is the main source of drinking water for Ljubljana and its surroundings 
(Figure 1), where the population continues to grow, as does the demand for drinking water. The aim of 
our work is to determine these groundwater-surface water interactions. Taking an interdisciplinary 
approach to the study, which involves a combination of the hydrogeological data and isotopic analyses as 
well as visualization of our understanding of the system using the best of the currently available tools, 
represents a major challenge. 

 
Figure 1. Map of Ljubljansko polje showing land use, the general direction of groundwater flow, 

sampling locations including samples for isotopic analysis, and the depths of the filters in the wells from 
which groundwater samples were taken. 

The use of natural tracers, such as stable isotopes, is a priority, because they provide information about 
the pathways and time scales of groundwater and contaminant movement as well as on the 
transformations of the reactive contaminants (Wachniew, 2015). Therefore, monthly isotopic 
measurements (March 2010 to November 2011) of groundwater, the Sava River water and of 
precipitation were used for: (1) determining the proportion of infiltrated river water into the groundwater 
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using δ18O and δ2H, and (2) to estimate the mean residence time of groundwater using 3H and 3H/3He by 
using the Lumped Parameter Model. This is the first time that groundwater dating in Slovenia has been 
done using the 3H/3He method, which is important since 3H/3He data provides powerful calibration targets 
for groundwater flow and transport models. Namely, for many aquifers, the calculated hydraulic heads are 
insensitive to changes in the distribution of hydraulic conductivity in the system, which are usually used 
as calibration target (Sture and Schlosser, 2000).  

The Ljubljansko polje aquifer system is greatly influenced by the Sava River, although infiltration from 
surface water must not be neglected, which makes determining the upper boundary conditions of the 
model extremely important. We plan to determine these conditions using a hydrological model, 
representing infiltration of the surface water, and a special model of the Sava River with high temporal 
and spatial resolutions; both models are currently under development. Hydrological model will take into 
account six layers: topography, surface water, land use, soil, meteorological data (precipitation, 
temperature, humidity, wind speed, global radiation) and geology. The WaSiM and MIKE11 software 
will be used for these purposes and later on combined with the FEFLOW software, which will be used for 
groundwater flow modelling. 

A great deal of effort has been put into the construction of the geometry of the groundwater flow model, 
especially in the interpolation of the Sava River channel and linking it to the extended alluvial aquifer. 
The surface was generated using a digital elevation model (DEM), Sava’s alluvial plain with LiDAR and 
the Sava channel with cross-sections of the river bed. The five layers, which extend to the impermeable 
hard pen of the Ljubljansko polje, were defined according to the geological composition of the aquifer. 
Water table depths of were measured in 49 piezometers and groundwater was abstracted from 35 wells.  

We plan to upgrade the hydrodynamic model to the transport model, where stable isotopes (δ18O, δ2H) 
and 3H will be used as transport materials. The model will provide a useful tool for protecting drinking 
water in central Slovenia and when upgraded for forecasting future water availability in response to 
climate change.  
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Alpine region has been recognized as a particularly sensitive environment where climate change is 
expected to significantly influence both the thermal and the hydrological regimes of rivers, with 
consequent effects on the services offered by the freshwater ecosystems as well as on water resources 
availability (Chiogna et al, 2015). In particular, recent studies highlighted that warming may lead in the 
next decades to changes in the seasonality of river streamflow because of less winter precipitation falling 
as snow and snowmelting occurring earlier in spring (e.g., Majone et al., 2015). Identification of the 
complex interplay between drivers of changes and hydrological fluxes in Alpine catchments is 
nonetheless a difficult task, which deserves further investigation (Zolezzi et al., 2009). 

In this work, we analyse available historical data of land use and long-term daily time series of 
hydroclimatic data (i.e., streamflow, precipitation, temperature, potential evapotranspiration and 
groundwater level), in an attempt to quantify the drivers of change and their effects on the hydrological 
fluxes across the Adige river basin (Destouni et al., 2013). In addition we analyse the gauge stations of 
the Adige at Trento (9852 km2) and Bronzolo (6891 km2), Gadera at Mantana (394 km2) and the Avisio at 
Soraga (207 km2). 

Analyses of groundwater levels did not reveal significant trends at the annual time scale, thus allowing 
performing the hydrological budget disregarding possible changes in the subsurface water storage. 
Temperature and precipitation time series were spatialized by means of Kriging with External Drift 
(KED). Multi – temporal and spatial correlations are used to distinguish between natural variability, direct 
anthropogenic (e.g., hydropeaking), and land use changes effects on hydrological fluxes. In particular, 
trend analysis was performed at the above control sections by using Mann Kendall test with 5% of 
significance level over 30 years overlapped time – windows. 

The analysis showed that land use changes have a negligible impact on the hydrological cycle, while the 
main driver of changes of the hydrological fluxes is the temperature. In addition, interesting spatial 
patterns of change is identified; indicating that resilience to changes is not uniformly distributed across 
the catchment and it depends on local conditions. 
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After many decades of research on pesticides, this class of compounds continues to be in the focus of 
many international research groups and companies due to their environmental occurrence, behavior and 
toxicity. The present work investigates the occurrence of up to 37 pesticides belonging to 9 different 
chemical classes (phenylureas (4), triazines (8), organophosphates (16), anilides (1), thiocarbamates (1), 
chloroacetanilides (2), acidic herbicides (3), benzotiadiazines (1), and quinolones (1)) in water and 
sediment samples collected in summer 2014 from two distinct European rivers: Evrotas and Sava. In total 
8 waters and the same number of sediments from the Evrotas and 18 waters and 12 sediments from the 
Sava were analysed. The investigated pesticides were selected on the basis of their extent of use, legal 
requirements of the EU, information obtained from the water authorities, and amenability to LC–MS 
analysis. Nine of them, namely, alachlor, atrazine, chlorfenvinphos, chlorpyrifos, diuron, isoproturon, 
simazine, quinoxyfen, cybutryne and dichlorvos, are included in the Directive 2013/39/EC as priority 
substances in surface water. 

Analysis of the water samples was performed with a method based on isotope dilution on-line solid phase 
extraction - liquid chromatography-tandem mass spectrometry (SPE-LC-MS/MS) as described in (Köck-
Schulmeyer et al., 2013a), and analysis of the freeze-dried sediment samples was performed with a 
method based on pressurized liquid extraction (PLE), SPE clean-up, and analysis by LC-MS/MS as 
described in (Köck-Schulmeyer et al., 2013b). 

The results obtained showed different pesticides patterns depending on the river and matrix, but fairly low 
concentrations in all cases (up to 131 ng/L and 32 ng/g in waters and sediments, respectively). Out of the 
37 compounds analysed only 16 were detected. The most relevant pesticides were diuron in the Evrotas, 
and diuron, terbuthylazine and metolachlor in the Sava River basin. The most polluted sites were Vivari 
in the Evrotas, and Zagreb (ZAG) and Radovljica (RAD) in the Sava. The levels measured are 10-100 
times lower than the annual averages (AAs) established as environmental quality standards (EQSs) for the 
regulated compounds in the Directive 2013/39/EC. However, since these low levels might be due to the 
high discharge hydrological conditions existing at the time of sampling further analyses are needed to 
confirm or reject this hypothesis and to investigate potential links between chemical pollution by these 
compounds and eventual adverse effects on aquatic ecosystems. 
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The Sava River is the biggest tributary to the Danube River. It represents the richest-in-water Danube 
tributary. Having the long-term average discharge at the mouth of about 1700 m3 s-1, it contributes almost 
25% to the Danube's total discharge. The 97,713.20 km2 large catchment is extended over Slovenia, 
Croatia, Bosnia and Herzegovina and Serbia. The Sava River and its main tributaries have significant 
ecological and socio-economic impact on the Danube River Basin. In the Slovenian part of the basin, 
riverbed is relatively steep and formed from solid rock. Downstream from the Slovenian-Croatian border, 
Sava turns into a flat land river with fine-grained sediment covering the riverbed. High population 
density, especially near large cities (Ljubljana, Zagreb, Belgrade), hydropower generation in Slovenia, 
industrial (metal-works, oil refineries, chemical, leather, textile, food, pulp and paper industry) and 
agricultural activities along the river have strong imapct on its ecological status. The Sava is navigable for 
593 km, from its confluence with the Danube to Sisak (Croatia). Beside intensive ship traffic, the river is 
under the influence of hydro-morphological alterations, and in Serbian and Bosnian part also by untreated 
effluents from municipal wastewaters (Milačič et al., 2010; Ščančar et al., 2015). All stressors which 
influence the flow, morphology and ecological status as well as climate changes, have significant impact 
on biodiversity, loss of species and appearance of invasive species. In order to manage the effects of 
multiple stressors on the river ecosystem (Navarro-Ortega et al., 2015), it is necessary to identify 
individual stressors. Among them, the river is exposed also to inorganic pollutants. In the present study 
water, suspended particulate matter (SPM) and sediments of the Sava River were studied to assess the 
ecological status regarding the elemental pollution. Sampling was performed during the 1st and 2nd 
campaigns in September 2014 and 2015. During the 1st campaign flooding conditions prevailed, while 
during the 2nd the water level was appreciably lower. Concentrations of elements in water, SPM and 
sediments in general increased along the Sava River from Slovenia to Serbia. Concentrations of elements 
in water were in general higher during the high water level consditions. Elevated concentrations of Hg, Cr 
and Ni were observed at industrially exposed sites, while P concentrations were higher downstream of big 
cities and at agricultural areas. Sediment analysis demonstrated that Cr and Ni exist in sparingly soluble 
forms and therefore do not represent an environmental burden. Regarding elements, the environmental 
status of the Sava River is comparable to other moderately polluted rivers in Europe, if rivers impacted by 
mining are not considered.  
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The Sava River, with its 97,713.20 km2 large catchment, is the biggest tributary to the Danube River. The 
catchment is extended over Slovenia, Croatia, Bosnia and Herzegovina and Serbia. High population 
density, especially near large cities as Ljubljana, Zagreb, Belgrade, hydropower generation in Slovenia, 
industrial (metal-works, oil refineries, chemical, leather, textile, food, pulp and paper industry) and 
agricultural activities along the river have strong impact on its ecological status. The Sava is navigable for 
593 km, from its confluence with the Danube to Sisak (Croatia). Beside intensive ship traffic, the river 
has been suvjected to hydro-morphological alterations, while its Serbian and Bosnian recieves also 
untreated effluents from municipal wastewaters (Milačič et al., 2010; Ščančar et al., 2015).  

The Evrotas River is located in Southern Peloponnese (Greece). The river length is 82 km and its 
catchment 2418 km2. The river is intermittent. In late summer, some sections are typically dry of surface 
water, however water still flows in the aquifers. The river is affected by overexploitation of water 
resources for irrigation, agro-industrial wastes, agrocemical pollution, untreated municipal wastewaters 
and geomorphological modifications. 

The main objective of the present study is the evaluation of the ecologictal status of sediments from 
Evrotas and Sava Rivers regarding contamination with trace elements. Since the data on total element 
concentrations is an insufficient indicator of element toxicity and bioavailability, the partitioning of 
elements in the sediment by the use of sequential extraction procedures is discussed. The environmental 
impact is additionally evaluated by the calculation of the enrichment factors and by the comparison of the 
elements concentration data with the relevant sediment quality guidelines. 
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A number of processes govern the fate and transport of contaminants and control their concentrations 
once they are released to the aquatic environment. Most important are the physical processes of 
dispersion, dilution, adsorption/desorption and volatilization and (bio)chemical processes such as 
biodegradation, abiotic oxidation and hydrolysis and photolysis. Due to many interrelated factors that 
control attenuation, such as the velocity of the particular water, its rate of mixing, concentration of 
suspended solids, environmental variables (temperature, redox conditions) and physico-chemical 
characteristics of the contaminants, in situ determination of the capacity of rivers to naturally attenuate 
trace organic contaminants is a challenging task.  
The present study aims to evaluate the natural attenuation of pharmaceutical compounds in Globaqua 
basins by using Lagragian sampling approach. Samples for this study were collected from three river 
basins: one from the Mediterranean region (Evrotas - Greece), one continental basin (Sava, transboundary 
- Slovenia, Croatia, Bosnia and Herzegovina and Serbia) and one Alpine basin (Adige - Italy). In each 
location (water units with different length and specific travel time) a tracer test has been used to 
determine travel time between sampling locations. The travel time (τ) of 3-5 h along the water sampling 
unit was used in order to assess chemical fate of pharmaceutical compounds under approximately 
constant environmental conditions. Composite samples were collected at the upstream and downstream 
points of the river segments with homogeneous chemical and geomorphological conditions. Therefore, 
composite samples at the upstream and downstream edges of the river segment were taken with suitable 
time shifts with respect to a central times separated by the travel time between two edges. 

Chemical analysis included +80 pharmaceutical compounds covering various therapeutic groups and a 
wide range of physico-chemical properities.This study aims to evaluate the attenuation rate of 
pharmaceutical compounds in water units (especially in terms of selected travel time and lenght of water 
unit) in the Globaqua river basins and with respect to their physico-chemical properties (water solubility, 
acidity (pKa), hydrophobicity expressed as the octanol/water partition coefficient (Kow), and the organic 
carbon/water partition coefficient (Koc)). Discussion of the results includes the correlation with the 
literature data on the relative contribution of biodegradation, photolysis and sorption to the attenuation for 
selected pharmaceuticals with high potential to enter the aquatic environment. 
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In recent years, illicit drugs together with pharmaceuticals and personal care products (PPCPs) have been 
recognized as emerging environmental contaminants due to their high volume of use1. Pharmaceuticals 
and illicit drugs are not completely removed during wastewater treatment and different amounts of parent 
compounds, metabolites and transformation products are continuously released, through wastewater 
effluents, into the aquatic environment. Despite the low concentrations of drugs of abuse (DAs) and 
metabolites usually observed in surface water (ng/L - low µg/L), potential eco-toxicological or toxic 
effects on the aquatic ecosystems cannot be discarded and are a matter of growing scientific interest2.  

In this context, the main objective of the present work was to study the occurrence of the most abused 
licit and illicit drugs, namely, cocainics, amphetamine-like compounds, opiates and opioids, cannabinoids 
and benzodiazepines, in four Spanish River basins, in order to (i) get a first picture of their presence in the 
areas under study, (ii), establish potential relationships with the hydrological conditions of the rivers, (iii) 
identify possible geographical differences and trends in time, and (iv) assess eventual ecotoxicological 
risks. 

To this end, grab samples were collected from 77 different locations along four representative basins in 
Spain (LLobregat, Ebro, Jucar and Guadalquivir) during two consecutive sampling campaigns (2010 and 
2011). Analysis of the surface water samples was performed by on-line solid phase extraction-liquid 
chromatography-electrospray tandem mass spectrometry (on-line SPE-LC-ESI-MS/MS). 

In the collected samples, cocaine, its metabolite benzoylecgonine, ephedrine, MDMA (ecstasy), and 
methadone and its metabolite EDDP were the most ubiquitous compounds. Overall, DAs were present in 
surface water at low ng/L levels. The samples with the highest levels of illicit drugs were those collected 
in small tributary rivers (in both sampling campaigns). The results obtained did not show a clear 
relationship between the concentrations of DAs in surface water and the hydrological conditions of the 
river basins. Clear, stable differences in the levels and hence consumption patterns of DAs among river 
basins were only observed for MDMA. Potential eco-toxicological effects, estimated through the 
calculation of Hazard Quotient (HQ) and the application of a concentration addition model, could be only 
anticipated for four samples where the presence of DAs could represent certain risk to aquatic organisms. 
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The Adige River is the second largest river in Italy and flows from the Alps into the Adriatic Sea. The 
main river and its tributaries are well monitored by local authorities and its chemical status is evaluated as 
good in most of the monitoring stations (Chiogna et al, 2015). However, local sources of pollution may 
endanger water quality and the ecosystem. With the FP7 Globaqua project, we aim at providing more 
detailed information (both in terms of spatial and temporal resolution) about the fate and transport of 
contaminants in the Adige catchment, identifying the areas where the water quality is the main stressor 
for the ecosystem and the role played by dilution and natural attenuation processes.  

Two potential chemical stressors are worth to be investigated within the Adige catchment: POPs released 
from snow and glacier melting and emerging pollutants released from Waste Water Treatment Plants 
(WWTPs). Despite the increasing release of POPs from glaciers raised lively interest, their occurrence 
has not yet been investigated thoroughly by systematic sampling campaigns and the available data are 
scarce, fragmented and discontinuous in time. Therefore, it is difficult to evaluate possible trends and 
contaminant dynamics, which may alter fragile headwaters ecosystems. Due to the rise of temperature in 
the catchment, chemicals (in particular organochlorine compounds), previously trapped in the glaciers, 
are now progressively volatilized and released both to the air and the surface water of the streams and 
long term projections of contaminant release are not yet available. 

Very little is known about the fate and transport of emerging and micro pollutants in catchments located 
at high elevation and subjected to significant fluctuations in the contaminant load due to touristic fluxes.  

According to this framework, during 2015, we performed two sampling campaigns in seven selected sites 
and in the Careser and Presena glaciers. For each sites we measured physical and chemical parameters 
and we collected water and sediment samples in order to perform analyses of POPs, pesticides, PFCs, 
PCPs, nitrates, as well as photodegradability studies and ELISA. Lagrangian sampling has been 
performed in three sites: Tonale Pass (WB2) and Mezzana (WB3), in the Noce catchment, and Trento 
South (WP7) for the Adige main course. The residence time, needed to set up the Lagrangian sampling 
has been obtained by tracer tests at WB2 and WB3 and by estimating the mean stream velocity with 
surface velocity radar (Decatur Electronics Europe Inc).  

Regarding the release of POPs from the glaciers, preliminary explorative sampling (August 2014) 
revealed old contaminations in both glaciers, possibly originating from coal and wood combustion. At the 
Careser, samples of the melting water (the sampling point is close to the front of the glacier) evidences 
relatively large concentration of phenantrene, which was absent in the samples of the melting water of the 
Presena glacier. This anomalous concentration of phenantrene may be due to charcoal production active 
in the valley until the 80th.  

The other sites showed a significant presence of pharmaceuticals in particular WB2 (Tonale pass): the 



Managing the effects of multiple stressors  
on aquatic ecosystems under water scarcity  
(FP7-ENV.2013.6.2-1– Grant Agreement no 60362) 

1st GLOBAQUA International Conference 
Managing The Effects Of Multiple Stressors  
On Aquatic Ecosystems Under Water Scarcity                                               POSTER PRESENTATIONS 
11-12 January 2016, Freising (Germany)                                                                                  Stressors 
 
 

 
 

 
 

89 

most significant category of pharmaceuticals is Antihypertensives (Valsartan) followed by 
Analgesics/anti-inflammatories (Ibuprofene), Psychiatric drugs and Diuretics.  

For what concerns PCPs, the water body with the highest values was WB4 (Mezzocorona, downstream 
Santa Giustina reservoir) in the UV Filter compounds for the Personal Care and Cosmetic Industry: 
UV328 (Tinuvin 328), UV329 (Tinuvin 329) and ODPABA. 
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The strontium (Sr) isotope ratio varies among water bodies because it is dependent on the underlying 
geology across the landscape and weathering effects, and is unaffected by changes in ambient Sr 
concentration induced by flow fluctuations (Capo et al., 1998).  

Sr has four stable, naturally occurring isotopes (84Sr, 86Sr, 87Sr and 88Sr). Only 87Sr is radiogenic and its 
concentration gradually increases in minerals as a result of the radioactive decay of 87Rb isotope. Due to 
the isobaric overlap of 87Rb with 87Sr, Rb has to be removed from the sample prior to analysis by 
inductively coupled plasma mass spectrometry (ICP-MS). For the separation of Rb and Sr, cation 
exchange column Mono S and extraction column filled with Sr selective resin were evaluated for their 
separation efficiencies. When Mono S column was used, applying gradient elution from water to 4 M 
NH4NO3, Rb was eluted in fourth and Sr in fifth minute. The separation of Rb and Sr on the Sr selective 
resin was achieved by loading the sample digest in 8 M HNO3 onto the resin, followed by rinsing of the 
resin with 8 M HNO3 to remove Rb and with water to strip off the purified Sr fraction. In the Sr fractions 
eluted from the columns, 87Sr/86Sr isotope ratio was determined. Sr selective resin was found to provide 
the best results in terms of separation efficiency, speed of fraction collection, sample load and precision 
of 87Sr/86Sr isotope ratio determination. The optimised method was applied for the determination of 
87Sr/86Sr ratios in water samples from the Sava River in order to document the magnitude of Sr isotopic 
variation along the river.  
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Olive mill wastewater (OMW) is a heavy polluted liquid stream characterized by an acid pH value, black 
colour, very high chemical oxygen demand (COD) and a high concentration of microbial growth 
inhibiting compounds, such as phenolic compounds and tannins. Also inorganic compounds such as 
chloride, sulfate and phosphoric salts of potassium, calcium, iron, magnesium, sodium, copper and traces 
of other elements are present in OMW [1]. 

Still scarce are the studies addressing the depuration of (OMW) by means of membrane technology [2, 3], 
and there are still some unresolved problems related to membrane fouling that slow down large-scale 
applications. Membrane fouling reduces the performances of membranes over time and depends on 
hydrodynamics and solute concentration in the feedstock, among other factors. Proper feedstock 
pretreatment and operating conditions are essential in fouling inhibition strategies [4]. 

The target of this investigation was modelling the improvement driven by recirculating a fraction of the 
permeate stream in the performance of a thin-film composite reverse osmosis (RO) membrane 
(polyamide/polysulfone) for the final purification of OMW previously pretreated by means of chemical 
oxidation based on Fenton's reagent, flocculation-sedimentation and filtration through olive stones [5, 6]. 
In this regard, optimum operating pressure and crossflow velocity were found in our former experiments 
to be equal to 25 bar and 5.1 m/s respectively, whereas operating temperature of 15 °C was chosen to 
simulate the temperature conditions close to the ones experienced on average during the olive oil 
production campaign, when OMW is derived and should be managed [7]. Upon those fixed operating 
conditions, influence of permeate recirculation fraction (0 - 30%) on membrane performance was studied 
in diafiltration (semicontinuous) mode. Results were analyzed by the resistances-in-series model to check 
for the influence of the permeate recirculation ratio on concentration polarization and fouling 
development on the membrane. 
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Novel synthetic resins developed over the past few decades have promoted ion exchange (IE) technology 
as a suitable separation and purification process for wastewater treatment (Demirbas et al., 2005). The 
key for the cost-efficient implementation of an IE process is to ensure that the IE resins can be easily and 
effectively regenerated, in order to guarantee their operation for the maximum possible working cycles 
(Simon, 1991). In this regard, IE processes must be stopped periodically and the IE resin regenerated. 
Concretely, cationic resins are usually regenerated by using concentrated acid solutions. 

In previous research works, the final purification of olive mil wastewater coming from the two-phase 
continuous decanting process (OMW-2) was carried out through IE system comprising a combination of 
two resins in serial connection: one cationic resin (Dowex Marathon C) and one anionic resin (Amberlite 
IRA-67) (Víctor-Ortega et al., 2015). With the aim of reducing its high organic load, previous to the final 
treatment by means of IE technology, OMW-2 was conducted to a secondary treatment based on Fenton 
reaction-advanced oxidation process followed by a flocculation–sedimentation step and filtration-in-series 
through different filtration medium (Martínez Nieto et al., 2011a; 2011b). 

The objective of this research study was to optimize the regeneration process of Dowex Marathon C 
strong-acid cation exchange resin, previously used for the purification of the secondary-treated olive mill 
wastewater stream (OMW-2ST), by investigating the effect of the main parameters on the regeneration 
efficiency. For this purpose, the impacts on the regeneration and rinse times as well as the overall 
regeneration efficiency of the IE resin were addressed as a function of the regeneration operation variables, 
comprising the regenerant concentration and type, the operating temperature and the flow rate. 
Regeneration experiments were carried out following the scheme shown in Fig. 1. 

 
Fig. 1. Scheme of the IE equipment used for regeneration experiments. 

The results show that regeneration time decreased and rinse time increased with increasing regenerant 
concentration. In this sense, 0.6 L HCl 4% solution was used for complete regeneration of Dowex 
Marathon C resin. Furthermore, the optimal temperature for regeneration of Dowex Marathon C was 298 
K (regeneration efficiencies higher than 96 %). The impact of flow rate on the selected IE resins 



Managing the effects of multiple stressors  
on aquatic ecosystems under water scarcity  
(FP7-ENV.2013.6.2-1– Grant Agreement no 60362) 

1st GLOBAQUA International Conference 
Managing The Effects Of Multiple Stressors  
On Aquatic Ecosystems Under Water Scarcity                                               POSTER PRESENTATIONS 
11-12 January 2016, Freising (Germany)                                                                                  Stressors 
 
 

 
 

 
 

93 

regeneration process efficiency revealed that, regeneration efficiency decreased with increasing flow 
rates. In this sense, optimum flow rate was found to be 2.5 L h-1, which yielded regeneration efficiencies 
close to 100 %.  
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The distribution of aquatic species largely depends on the interaction between their biological 
characteristics (traits) and the environmental conditions (e.g. Culp et al., 2011; Townsend & Hildrew, 
1994; Verberk et al., 2013). In the context of global warming, it is of particular interest to investigate and 
predict how hydrological stress interacts with other anthropogenic pressures to shape aquatic 
communities. In our contribution to the GLOBAQUA conference, we aim at presenting the 
methodological framework adopted to address the combined effects of hydrological stress and human 
pressures (e.g. trophic status, toxic compounds) on the functional characteristics of stream invertebrate 
communities. We present the data selected from the Ebro catchment database in Spain, covering: (i) 
invertebrate abundance, (ii) hydrology, (iii) water quality, (iv) hydromorphology, (v) land use and (vi) 
landscape. Considering the size (more than 80,000 km²) and the diversity of landscapes (from Pyrenees 
mountains to the Mediterranean coast) of the Ebro catchment, we first addressed, the effects of river 
types, catchment size, altitude and slope on the taxonomic and functional characteristics of 
macroinvertebrate communities to potentially allow further analyses across the whole Ebro catchment or 
for specific subsets. Second, we designed a synthetic measure of hydrological stress based on: (i) 
discharge, (ii) annual precipitations and water use data related to (iii) the presence of weirs, (iv) the size 
of dam reservoirs, (v) the number and types of water abstraction points and the (vi) spatial importance 
and intensity of irrigation in catchments. We used the information on 11 biological traits of 
Mediterranean taxa to model the response of community functional characteristics (individual trait 
categories, functional specialization and similarity) to environmental conditions that we present in the 
communication. Next step in the task should include the development of the model to predict the 
probability of occurrence and the likely proportion of taxa within sites based on their environmental 
conditions. Monte-Carlo simulations will allow assessing the model uncertainty associated with the 
uncertainty of environmental characteristics and invertebrate sampling. 
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In this study we have investigated the presence of genotoxic potential throughout the upper and middle 
stretch of the Adige River basin. The study was carried out on 7 sites, from which 2 were in the Adige 
River (sampling site IV and VI, upstream and downstream Trento), 3 on the the most significant tributary 
Noce (sampling site I, V and VII) and 1 site on Vermigliana (sampling site II) and 1 site on Barnes River 
(sampling site III) which are under the influence of different types of pollution (agriculture, tourism, 
urban wastewaters). To give an insight into origin and nature of genotoxic pollution we have used the 
battery of prokaryotic and eukaryotic assays. 

The presence of genotoxicants in water was assessed by SOS/umuC test – a prokaryotic assay which 
measures genotoxic potential by the induction of SOS response. In eucaryotic assays the level of DNA 
damage was studied as biomarker of exposure in erythrocytes of cryopreserved blood samples of two 
trout species Salmo trutta fario (Linnaeus, 1758) and Salmo marmoratus (Cuvier, 1829) by alkaline 
comet assay, while the presence of the oxidative stress was assessed by Fpg-modified comet assay. 
Permanent DNA damage in erythrocytes, as biomarker of effect, was studied by micronucleus assay. 

The results of SOS/umuC test revealed genotoxic potential of water samples collected at sampling site I in 
Noce and at its tributaries (II and III) and on sampling site IV in Adige. The results of comet assay 
indicated the highest levels of DNA damage in trout specimens collected at the both sites in Adige (IV 
and VI) and in Noce near to the confluence of Noce and Adige (sampling site V), while the highest levels 
of oxidative stress were detected at the sites III and V (Barnes and Noce). The highest number of 
micronuclei was observed in specimens collected at the Barnes River.  

In a nutshell, our results demonstrated presence of genotoxic pollution in the upper stretch of the Adige 
River basin which leads to occurrence of oxidative stress but also to permanent DNA damage in studied 
species. To provide an insight into the group of pollutants which primary contribute to detected genotoxic 
effects, chemical analyses are essential which is planned in further research.  
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River ecosystems are subject to multiple stressors that affect their structure and functioning. Driven by 
water legislation (e.g. the European Water Framework Directive), a relatively large number of tools for 
measuring river ecosystem structure has been developed during the last years. Less progress has taken 
place, however, in the development and implementation of tools to measure ecosystem functioning. This 
is an important knowledge gap that prevents the complete assessment and understanding of processes in 
river ecosystems. One of the main objectives of the work package 7 (WP7-Ecosystem) of the 
GLOBAQUA project is to develop a tool-box of methods to measure key ecosystem processes operating 
at different spatial and temporal scales, tailored for routine monitoring by water agencies, and including 
methods to be used in large lowland rivers. Here, we present the tool-box, which includes a list of 
functional measures with a brief description of their meaning, the spatial and temporal scales at which 
they operate, the aspects of the ecosystem they address, the anthropogenic impacts they are sensible to, 
possible difficulties in their implementation and their general advantages and disadvantages. For each 
tool, we also present a short protocol with easy-to-understand instructions. The tool-box includes well 
established methods, such as nutrient retention, ecosystem metabolism and organic matter breakdown 
(Figure 1a, b and c), as well as less commonly used methods such as exo-enzymatic activities, RNA/DNA 
tests and synthetic biodegradable polymer probes analyzed by Matrix-assisted laser desorption/ionization 
time-of-flight mass spectrometry (MALDI-TOF MS) and imaging techniques. Within this context, we 
also present the first results of a new method called the Aquasub tool, which is being developed within 
the GLOBAQUA project to measure uptake of nutrients and pollutants in aquatic systems using ex-situ 
incubations of colonized standardized substrates (Figure 1d).  
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Figure 1. Examples of methods for measuring stream ecosystem functioning. a) Set-up for a nutrient 

injection to measure whole-reach nutrient retention; b) Set-up of a dissolved oxygen sensor for 
continuous measurement of whole-ecosystem metabolism; c) Wooden sticks to measure organic matter 

breakdown; d) Biofilm carriers to measure standardized uptake of nutrients and pollutants 
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Many studies demonstrate that wastewater treatment plant (WWTP) discharges have a direct effect on the 
prevalence of antibiotic resistance among aquatic microbial communities inhabiting fluvial systems. 
However, less information is available on how these resistance determinants (i.e. antibiotic resistance 
genes, ARGs) distribute between different streambed compartments (e.g. epilithic and epipsammic 
biofilms). In this regard, we have carried out two studies aimed to investigate differences in the 
prevalence of ARGs between both compartments in relation to different sources of chemical pollution: i) 
raw and treated wastewater discharges (Ebro River case), and ii) point and diffuse contamination sources 
from either WWTPs and glacier melting/agricultural runoff, respectively (Adige River case).  

In the first study, we collected epilithic and epipsammic biofilm samples from two tributaries streams of 
Ebro River (La Bisbal and Vallderoures) differing in their pollution source. Whereas La Bisbal receives 
effluent discharges from a local WWTP, Vallderoures is impacted by raw sewage from a neighbouring 
village. In both sampling sites epilithic and epipsammic biofilms were collected in triplicate upstream and 
downstream the discharge point. Additionally, water samples from the WWTP effluent (La Bisbal) and 
raw sewage (Vallderoures) were collected for comparative purposes. Quantitative PCR (qPCR) was used 
to determine the prevalence of five antibiotic resistance genes (Sul-I, ermB, tetM, qnrS and vanA) and 
class 1 Integron integrase (intl1). In all samples, the 16S ribosomal RNA (rRNA) gene was also 
quantified both to estimate total bacterial abundance and to normalize ARGs data. Sul-I, ermB, tetM and 
Intl-1 were detected in all biofilm samples, showing higher abundance in samples collected at 
Vallderoures. All rivers showed higher concentration of ARGs in epipsammic samples collected 
downstream the discharge point, but no significant differences were detected among epilithic samples, 
except for ermB gene. Additionally, copy numbers of class 1 integron were significantly correlated with 
Sul-1 gene copies (Pearson correlation R=0.994 p=0,01). Our results suggest that some ARGs 
preferentially accumulate in epipsammic biofilms (microbial communities growing attached to sand 
particles few cm below the streambed surface) and suggest that this habitat might constitute an 
environmental reservoir of resistance. This observation could be partially explained by the higher 
concentration of antibiotic residues that accumulates in sediments when compared to flowing waters. 

A similar approach was applied to biofilm and sediment samples collected at seven water bodies within 
the Adige River basin: Barnes at Bresimo (WB1); Vermigliana at Tonale pass (WB2), Noce at Mezzana 
(WB3), Noce at Mezzocorona, downstream the S. Giustina reservoir, but upstream the restitution of the 
Mezzocorona hydropower plant (WB4); Noce downstream the Mezzocorona hydropower plant (WB5); 
Adige at Faedo and Adige at Mattarello, corresponding to upstream (WB6) and downstream (WB7) the 
WWTP of the city of Trento, respectively. These water bodies differ in their trophic status and 
contamination sources (Tourism through WWTPs; microcontaminants coming from glacier melting, and 
agricultural runoff). In this case, four ARGs (Sul-I, VanA, qnrS and tetM), a proxy for anthropogenic 
pollution (Intl-1) and the 16S ribosomal RNA (rRNA) genes were quantified by qPCR in both types of 
samples. Copy numbers of qnrS and tetM genes were below detection limit in all sites. In turn, Sul-I, 
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VanA and Intl-1 genes were detected in all samples, but no significant differences in their concentration 
were detected among streambed compartments. Abundance of Sul-I and Intl-1 showed a similar trend, 
increasing their concentration in samples collected at the lower part of the river basin. These results 
confirm the genetic linkage between both genes and suggest that the lower part of the Adige basin may 
act as an integrator of pollution from the upper part of the basin. 
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Introduction 

The sensitivity and tolerance of diatoms to the environmental stress, such as eutrophication, organic 
pollution, heavy metals, acidification and different pesticides are well known to make this algal group an 
effective indicator of water status. Numerous diatom autecological indices have been developed and are 
in extensive use (Schöll et al., 2012). 

Material and Methods 

In this study we used phytobenthos data from 13 sites and selected diatom indices to assess the status of 
water bodies along more than 900 km of the Sava River (Figure 1). Diatom sampling followed instruction of 
the EN 13946 (2003). At localities, samples were collected from at least five stones from the euphotic zone 
of the water course. Where a natural substratum was absent, samples from artificial surfaces were taken. 
Diatom samples were processed in the laboratory following the European standard EN 14407 (2004). 
OMNIDIA software, Ver. 5.3 (Lacointe et al., 1993, 1999) has been used for diatom indices calculation. 

 

 

 

 

 

 

 
Figure 1. Sampling sites for phytobenthos – 

2014 Sava Survey 

 

Results 

All together 114 diatom species have been identified. The number of taxa per sampling site ranged from 32 
(Radovljica) to 56 (Belgrade A – upstream the city). Cocconeis placentula Ehr., Navicula antonii Lange-Bert., 
N. cryptotenella Lange-Bert. and N. tripunctata (Müll.) Bory de Saint-Vinc. were found at all sampling sites. 
Beside, high frequency of occurrence was recorded for Amphora pediculus (Kütz.) Grun., Reimeria sinuata 
(Greg.) Koc. & Stoer. (F=0.92), Achnanthidium pyrenaicum (Hust.) Kobay., Encyonema ventricosum (C. Ag.) 
Grun., Fragilaria ulna (Nitz.) Lange-Bert. and Gomphonema olivaceum (Horn) Bréb. (F=0.85). Some of the 
identified taxa were characteristic for particular stretch of the Sava River. Thus, Gomphonema tergestinum 
(Grun.) Fric., G. subclavatum (Grun.) Grun., G. olivaceolacuum (Lange-Bert. & Reich.) Lange-Bert. & Reich., 
Navicula splendicula Van Land., N. viridulacalcis Lange-Bert. and N. upsaliensis (Grun.) Perag. were 
recorded only in the upper stretch (sites 1-6), while Achnanthidium saprohilum (Kobay. & Maya.) Round & 
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Bukht., Amphora ovalis (Kütz.) Kütz., Cymbella tumida (Bréb.) Van Heurck, C. lanceolata (Ehr.) Van 
Heurck, Eolimna minima (Grun.) Lange-Bert., E. subminuscula (Mang.) Moser, Lange-Bert. & Metz., 
Fallacia subhamulata (Grun.) Mann, Gyrosigma obtusatum (Sull. & Worm.) Boyer, Luticola acidoclinata 
Lange-Bert., L. goeppertiana (Bleisch) Mann, L. ventricosa (Kütz.) Mann, Navicula rostellata Kütz., N. 
veneta Kütz., Nitzschia capitellata Hust. and N. clausii Hant. were found to be characteristic for the lower 
investigated sector (sites 7-13). Here we present the results of calculation of indices selected on their wide use 
in routine monitoring (Figure 2) and applicability to large rivers (Schöll et al., 2012): IPS-Specific Pollution 
Sensitivity Index (Coste in CEMAGREF, 1982), TDI–Trophic Diatom Index (Kelly and Whitton, 1995), EPI-
D–Eutrophication Pollution Index–Diatom based (Dell’Uomo, 2004) and IBD–Biological Diatom Index 
(Lenoir and Coste, 1996). All tested indices, clearly shows deterioration of the status of water bodies along the 
watercourse. It should be underlined that sampling was carried out during flooding, that may significantly 
influence the results. 

 

 

 

 

 

 

 

Figure 2. Results of calculation of four 
diatom indices – the Sava Survey 2014 
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The aquatic vegetation of the River Sava (945 km) is azonal and its diversity is a result of hydrological 
and climatic conditions, as well as soil conditions. The aim of this research is to identify and quantify the 
aquatic macrophytes sampled during the GLOBAQUA expedition in September 2015 at 11 sites along the 
River Sava (Fig. 1). The abundance of each plant species was recorded according to the 5-point scale 
devised by Kohler (1978): 1=very rare, 2=rare, 3=common, 4=frequent, 5=abundant, predominant. 
Taxonomic analysis established the presence of 25 macrophytes. Most species-rich is the 
Potamogetonaceae family and Potamogeton genus (P. crispus, P. fluitans, P. gramineus, P. lucens, P. 
pectinatus, P. perfoliatus). Cladophora sp. (12), Myriophyllum spicatum (7), Najas marina (6), 
Potamogeton crispus (6) and P. pectinatus (6) were recorded at the largest number of sites.  

 
Fig. 1 Sampling sites (A) and sampling campaign (B) along the River Sava catchment area 

The most abundant species are Ceratophyllum submersum, C. demersum, Potamogeton gramineus and 
Sagitaria sagittifolia, with C. submersum most abundant at two sites in the lower course of the Sava 
(Šabac and Belgrade). In line with Wetzel’s (1975) classification of macrophytes, we recorded 4 
emergent, 15 submergent, and 6 floating macrophytes in the study area. During our research, a 
significantly higher number of certain species were recorded at some sites, which is the result of the 
physical and chemical characteristics of the sediment and water, as providing the basic living conditions 
for these plants. In the lower course of the River Sava, an increase in the diversity and number of aquatic 
macrophytes was noted. Of the macrophytes recorded, two were allochthonous - Elodea canadensis 
(Šabac), originating from North America, and Vallisneria spiralis (Županja and Šabac), from South 
America, found only in Serbia where they are classified as invasive. 
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Under natural conditions, Mediterranean rivers show annual and interanual hydrological variations with 
marked flow reduction in summer (Gasith and Resh, 1999). Mediterranean freshwater communities have 
evolved under this constant flow variation, and show some traits that provide a better resistance and 
resilience to drought (Bonada et al., 2007). Additionally, in Mediterranean streams and under dry 
conditions, the inputs from wastewater effluents modify the quality but also the quantity of water 
downstream. Urban wastewater effluents are a source of nutrients, organic matter (Martí et al. 2004) and 
emerging contaminants, such as pharmaceuticals and personal care products (Ginebreda et al., 2010), but 
also represent a continuous and artificial flow of water. The relevance of wastewater effects on the 
macroinvertebrate traits and especially depending on the hydrological regime in Mediterranean rivers is 
still unknown. To define if these disturbances (temporality and wastewater inputs) produce effects on 
Mediterranean macroinvertebrate communities, thirteen sampling sites in ten different streams and rivers, 
most of them tributaries of Ebro River, are being studied. Four of these sites receive wastewater treatment 
plant (WWTP) effluents, and nine receive direct inputs of urban untreated wastewater. In each sites, a 
control and an impact reach were defined, respectively upstream and downstream of the discharge. 
Invertebrate samples will be taken over three sampling periods (Summer and Autumn 2015, Spring 2016) 
to characterize the invertebrate community composition, body-size and traits information that could 
respond to the combined gradients of flow intermittency and pollution. Water samples for the analysis of 
pharmaceutical products, nutrients, and pesticides, will be collected simulateneously to biofilm Chl-a, 
dissolved oxygen, ph, and conductivity. The annual water temperature and flow variation in each site will 
be also included in the analysis. Preliminary results suggest that Diptera taxa, highly-tolerant to pollution, 
were the only to persist in extremely contaminated sites. Greatest abundance of deposit feeders and 
scrapers was seen at impact sites. Some groups, such as Chironomidae, showed larger body size at the 
impact sites. The complete analysis will be guided by the following hypotheses: 1. A non-random taxa 
loss will be occur in the impact sites given the differences in tolerance and sensitivity between taxa to the 
studied stressors. A functional trait selection could be under operation in relation to the severity of the 
impacts. For example, an increase of taxa at impact sites with aerial respiration, greater body size and 
shorter life cycle might be expected.  
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Aquatic ecosystems are impacted by a variety of stressors, including organic and inorganic pollution, 
excess input of nutrients, geomorphological alterations, land use changes, hydrological stress, invasive 
species and pathogens. As a consequence, the biodiversity decline is one of the greatest ecological 
problems nowadays. However, little is known beyond the described effects of single stressors on specific 
ecological endpoints and our understanding of the main causes for the losses of biodiversity still remains 
vague. The objectives of this study were following: a) to assess the risk/presence of multiple stressors in 
four Iberian rivers and b) to test if we can observe the adverse effects of stressors in the local benthic 
macroinvertebrate communities and finally c) to determine if it is possible to discriminate which stressor 
or stressors are influencing more than others on the macroinvertebrates. 

The dataset of potential stressors included organic compounds, metals, nutrients, several physic chemical 
properties of the rivers and the major land use types. It was obtained from the Spanish SCARCE 
Consolider project. Macroinvetrebrate samples and water samples for chemical analysis were collected at 
20 sampling sites.The chemical data was transformed into toxic units (TU) to evaluate ecotoxicological 
risk of the compounds by dividing the measured concentration of chemical with the corresponding 
toxicity threshold. Three different biological metrics were calculated; Shannon and Margalef biodiversity 
indexes and trait based SPEAR index. Besides, functional diversity of the macroinvertebrate communities 
was calculated based on biological traits of the species. Determination of the relationship between the 
stressors gradient and macroinvertebrate biological community responses was examined by different 
multivariate tests.  

The highest risk was mainly present at the lower parts of the rivers in the area surrounded by agricultural 
lands or/and urban zones where high concentrations of toxicants, in particularly insecticides, were found. 
Both organic micropollutants (particularly pesticides) and heavy metals significantly contribute to acute 
ecotoxicological risk. Besides, most of the sampling sites were characterized by combinations of two or 
more stressors; such as organic pollution, metals, high nutrient levels and conductivity. 

General biodiversity decrease (based on Shannon and Margalef indexes) was associated with urban land 
use types where most of the stressors were present (metals, conductivity, nutrients, higher temperature 
etc.). No significant correlation was found between organic pollutants and biodiversity indexes. But, the 
decline of sensitive species based on trait indexes (SPEAR) was significantly correlated with the increase 
of organic load quantified in toxic units with insecticides as the most important compounds.  
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A key challenge for the evaluation of the impacts of chemical pollution in aquatic ecosystems has been to 
disentangle their isolated toxic effects caused by water contaminants from those originated by other 
sources of natural or anthropogenic stress. In this study we developed a method for the evaluation of 
single and combined effects of chemical pollution on aquatic communities of large rivers. The method 
was based on the combination of univariate and multivariate statistical techniques including GLMs, PCA, 
RDA and Variation Partitioning. The method was applied to the database obtained as part of the 
environmental monitoring campaign performed during 2013 in the Danube river and used in the 
SOLUTIONS project. The database contained information on the macroinvertebrate community from 55 
sampling sites and measurements of more than 300 environmental parameters including 
hydromorphological conditions, physical river alterations, and basic water quality parameters and 
contaminants (i.e., pharmaceuticals, pesticides, metals, industrial pollutants, etc). The results of this study 
indicate that the variation in the invertebrate community is principally explained by the combination of 
hydromorphological conditions and water contaminants. The most important contaminant groups were 
pharmaceuticals and basic water quality parameters. Furthermore, a trait-based analysis was performed 
that indicates correlations between the presence of contaminants and functional characteristics of the 
invertebrate communities. The results of this study indicate main contaminants, species and biological 
traits that should be further monitored for the evaluation of the ecological status of the Danube river and 
serves as reference to other river basins in Europe. 
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The North American gastropod Ferrissia fragilis (Tryon, 1863) has been recorded for the first time in the 
Sava River at the Lukavec Posavski locality (2012). Later, the species was found at sites Jasenovac, 
Duboko and Makiš (Figure 1). In previous studies, F. fragilis (Figure 2) was detected in the Korana and 
Ilova rivers (tributaries of Kupa and Lonja which flow into the Sava - Beran, 2013). F. fragilis has been 
identified in the past variously in different European and Asian countries under several names: 
Pettancylus petterdi (Johnston, 1879), P. australicus (Tate, 1880), Ferrissia wautieri (Mirolli, 1960), F. 
clessiniana (Jickelli, 1882) (Son, 2007). Nevertheless, molecular methods (Walther et al., 2006, Marrone 
et al., 2011) have revealed that these small European limpets are in fact single Nearctic (North American) 
species, F. fragilis (Tryon, 1863). This snail was found in the shallow zone (depth < 0.5 m) with dense 
aquatic vegetation, which is under the numerous environmental stressors (high temperature, freezing, 
drying, flooding, etc.). This unfavourable conditions F. fragilis could sustain due to their ability to form 
egg capsules stage. The number of individuals was low in all samples (Table 1). All individuals are 
deposited in the molluscan collection at the Department for Hydroecology and Water Protection, Institute 
for Biological Research "Siniša Stanković" (IBISS). 

 
Figure 1: The localities where Ferrissia fragilis was recorded. 



Managing the effects of multiple stressors  
on aquatic ecosystems under water scarcity  
(FP7-ENV.2013.6.2-1– Grant Agreement no 60362) 

1st GLOBAQUA International Conference 
Managing The Effects Of Multiple Stressors  
On Aquatic Ecosystems Under Water Scarcity                                               POSTER PRESENTATIONS 
11-12 January 2016, Freising (Germany)                                                                                Receptors 
 
 

 
 

 
 

107 

   
Figure 2: Ferrissia fragilis - a. Dorsal view of the shell. b. Ventral view of the shell and soft parts (Photo: 

M. Raković). 

Table 1. Records of the North American gastropod Ferrissia fragilis in the Sava River 

 Location coordinates   

Location Latitude, °N Longitude, °E Date of record Individuals 

Lukavac Posavski 45.409711 16.519804 05 09 2012 2 

Jasenovac 45.263476 16.894248 05 09 2015 4 

Duboko 44.660536 20.279603 17 03 2015 1 

Makiš 44.686615 16.519804 09 09 2015 1 
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Background 

One of the objectives of the EU research project MARS (Managing Aquatic ecosystems and water 
Resources under multiple Stress) is to identify the relationships among stress intensity, status and service 
provision at the European scale. This objective is especially focused on fish assemblages as sentinels of 
multistress impacts on biodiversity and direct providers of ecosystem services. In this context, we 
developed statistical models with the purpose of identifying the main stressors acting on several fish-
based metrics and ranking their importance as well as the main potential pairwise interactions among 
them. 

Methods 

Analyses were based on 3105 electrofishing sites spread over 14 countries selected from a pan-european 
database (EFI+ Consortium, 2007), also including environmental and stressor data. Sites were associated 
with four fish assemblage types (FAT: Headwater streams, Medium gradient rivers, Lowland rivers and 
Mediterranean streams) based on fish assemblage and environmental characteristics (Schinegger et al., 
2013; Trautwein et al., 2013). 

We fitted Random Forests models (Breiman 2001) using as response variables each one of twenty fish 
metrics describing six structural and functional types (biodiversity, habitat, migration, reproduction, 
trophic level and water quality sensitivity). The selection of these metrics were based on their known 
reaction to stressors, as reported in previous works (Segurado et al. 2008, Schinegger et al. 2013, 
Trautwein et al. 2013). Thirteen stressors related to hydrological, morphological, water quality and 
connectivity alterations were used as explanatory variables. FAT was also included as covariate in the 
models to control for its effect on the metric response to stressors. These models allowed to rank the 
overall importance (VIMP) of individual stressors as well as the potential importance of pairwise 
interactions for all pairs of stressors, based on Breiman-Cutler permutations (Ishwaran and Kogalur 
2014). 

Results 

The proportion of the variance of fish metrics explained by the Random Forest models varied between 
36.9% for the metric % of species intolerant to oxygen depletion and 5.3% for the metric abundance of 
rheophilic spawning species. For most metrics, FAT contributed approximately to half of the total 
explained variance. Metrics with higher contribution of stressors to the explained variance tended to be 
also those with the highest total explained variance. Among the ten metrics that had a higher share of 
explained variance by stressors, eutrophication was the most important stressor for four metrics, followed 
by organic pollution for three metrics. This is confirmed by the first and second position of, respectively, 
eutrophication and organic pollution in the ranking of the overall stressor importance (Fig. 1). 
Eutrophication paired with organic pollution showed the overall higher importance, the highest deviations 
from additive effects and simultaneously the lowest variability among metrics. Other pairwise interactions 
with pronounced deviations from additive effects included impoundment with barriers downstream, in-
stream morphological alteration with embankment, flood protection with embankment and in-stream 
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morphological alteration with eutrophication. 

 
Figure 1: Boxplot showing the distributions of the relative stressor and FAT (Fish Assemblage Type) 

importance based on the random forest models for the twenty metrics analysed (W_eutroph – 
Eutrophication; W-opoll - Organic pollution; H_hydromod - Hydrograph modification; M_morph_instr - 

Morphological alteration; M_embank – Embankment; H_imp - Impoundment; M_floodpro - Flood 
protection; H_hydrop - Hydropeaking; C_B_s_do - Barriers downstream; H_waterabstr - Water 

abstraction; C_B_s_up - Barriers upstream; W_acid - Acidification; H_resflush - Reservoir flushing) 
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The aim of this study was to analyze the heavy metal and metalloid levels (Al, As, B, Ba, Cr, Cu, Fe, Hg, 
Mn, Mo, Sr, Zn) in liver, gills, gonads and muscles, and DNA damage with the comet assay in blood, 
liver and gills of European chub (Squalius cephalus). The European chub is ubiquitous fish species 
displaying a wide niche, feeding on a low trophic level. The comet assay (Single Cell Gel 
Electrophoresis, SCGE) was selected as a sensitive and relatively simple method for measuring the 
genotoxic effects in individual cells. Microscopic images of comets were scored using Comet IV 
Computer Software (Perceptive Instruments, UK). The specimens of European chub were from: 
reservoirs Zlatar (a protected natural area), and Garasi (the site with low anthropogenic impact) and river 
Pestan (polluted site at Kolubara basin, the area with intensive mining activity). 

At the river Pestan the highest concentration of Al, Ba, Cu, Mn, and Sr was detected in all tissues. The 
highest level of Hg was detected at Garasi in muscle, liver and gills. The accumulation of elements was 
highest in the gills and the lowest in the muscles. 

The specimens from unpolluted control site Zlatar showed the lowest DNA damage in all three tissues 
compared to Garasi and Pestan. According to the results, blood has the lowest level of DNA damage in 
comparison with liver and gills, which were the most affected at Pestan. 

Since heavy metals do not represent the only group of water pollutants, it is possible that other agents are 
responsible for increased DNA damage (genotoxicity) in tissues of European chub from Pestan and 
Garasi. 
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Freshwater ecosystems are constantly deteriorated due to the multitude of human activities, intensification 
of the industrial processes, wastewater discharge and agricultural chemicals. Besides, climate change 
provokes extreme weather and hydrological conditions leading to prolonged periods of droughts and 
floods. Floods can cause movements of polutants already present in the environment and introduce 
pathogenic bacteria in the flooded area. Many of the substances that reach environment could exhibit 
genotoxic potential on the genetic material of aquatic organisms, either alone or in complex mixtures of 
chemicals.  

Unfavorable hydrological conditions during 2014 resulted in extensive flooding in May in the Sava River 
basin. Obrenovac city was one of the most affected settlements on the river with esstimation that nearly 
90% of town area was flooded. This led to evacuation of majority of inhabitants from the affected area. 
Our research was conducted from January to December 2014 on the Sava River, site Duboko, situated 
downstream of Obrenovac city. This is the area of intensive agricultural activity. Few km upstream the 
sampling site is the mouth of Kolubara river which is receiving untreated municipal wastewater of the 
town Obrenovac (50.000 inhabitants) and thermal power plant Nikola Tesla A with belonging ash fild. On 
monthly basis we have performed the measurements of basic phisico-chemical parameters, sampling 
water for microbiology analysis and fish tissue for the comet assay. Single Cell Gel Electrophoresis 
(SGCE) or Comet assay is widley accepted tool in ecogenotoxicology studies, in which DNA damage is 
measured on the level of a single eukaryotic cell. For the detection and quantification of E. coli and 
Enterococci we have used enzymathic methods and MPN approach. For comet assay analysis blood, liver 
and gill tissues were sampled from two cyprinid fishes.  

The highest water level was observed in May 2014, when flooding occured. Evacuation of inhabitants had 
led to exclusion of urban wastewater discharge which was refelcted through the lowest concentration of 
faecal pollution indicator bacteria, E. coli and Enterococci. With return of inhabitants in June their 
concentration in water started to increase gradually. In contrast, with withdrawl of water from the flooded 
agricultural land and ash disposal field high amounts of potentialy genotoxic substances were introduced 
into the Sava river, which was observed in sudden increase of DNA damage level in all three fish tissues 
during June. This study showed that flood occurence had major impact on the microbiological quality and 
genotoxic potential of the Sava River. Faecal pollution is mainly under the impact of urban wastewater 
discharge. On the other hand, genotoxic substances are most likely of industrial and agricultural origin. 
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MALDI IMAGING MS consists on the use of matrix-assisted laser desorption ionization as a mass 
spectrometry imaging technique. The sample is scanned in two dimensions at a preselected spatial 
resolution while the mass spectrum is recorded. Advantages, like measuring the distribution of a large 
amount of analytes at one time without destroying the sample, make it a useful method in solid-surface 
study. The present study aims at developing an analytical quantitative method for the study of 
biodegradation of a commercial homo-polymer to be further used as a probe for the evaluation of the so 
called “river metabolism”. Polycaprolactone (average MW=1250) was selected as suitable candidate 
polymer. MALDI-ToF imaging experimental conditions were optimized. The method was tested in the 
lab using under different environmental conditions. Progress of biodegradation after several days of 
exposure was reflected on the changes in the mass spectra corresponding to variations in the chain length 
distribution pattern. Results were investigated using different image processing tools.  

 
Figure 1. MALDI-ToF spectrum of starting material. Image obtained using main ion (m/z=1240)(marked 

in purple) 

 
Figure 2. MALDI-ToF spectrum of a degradaded sample. Image obtained using main ion 

(m/z=1240)(marked in purple). Detail spectrum of a degraded zone is shown for comparison 

 
Figure 3. Image of degraded sample obtained by PCA treatment, using the ions selected in the whole 

range (m/z 600 to 2400) in the different pixels. 
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Groundwater plays an integral role in sustaining certain types of aquatic, terrestrial and coastal 
ecosystems, and associated landscapes, both in humid and arid climatic regions. It is thus a key factor in 
efforts to maintain the ecological integrity of some key ecosystems. In Chtouka Aït Baha region all 
ecosystems including the agro-ecosystem, forest, wetlands… are depending on groundwater for their 
continuity. Because of lack of reports valuing ecosystem services in the region and to raise the interest 
and importance of showing the economic value of ecosystems to policy and decision makers we have 
determined the total economic value of Chtouka Aït Baha ecosystem focusing on the main ecosystem 
services having a direct impacts on the socioeconomic, ecological and cultural development of the region. 
A detailed description of existing ecosystems and their services is presented as well as determination of 
their economic value. It was shown that the agro-ecosystem contributes by more than 74% in the Total 
Economic Value (TEV) of the whole ecosystem. This percentage shows the important development of the 
agricultural sector especially this region is the most productive region in Souss Massa region as well as 
Morocco. The forest ecosystem who contributes by more than 13% in the TEV has more regulating 
services rather than provisioning services compared to agro-ecosystem where climate regulation, CO2 
sequestration and erosion control services contributes by more than 43% of the TEV of this ecosystem 
compared to agro-ecosystem where regulating services contribute only by 3% in the TEV of the 
ecosystem. Recreation and ecotourism represents about 6% in the TEV of the whole ecosystem of 
Chtouka Aït Baha region which reflects its importance in the ecological and socioeconomic development 
of the region. Groundwater or aquifer ecosystem contributes by 5%, however it is the most important 
ecosystem on which the whole ecosystem is depending for its sustainability. Thus an integrated 
management of groundwater resources taking in consideration the links between groundwater and other 
ecosystems should be improved and implemented in water management strategies and policies. 
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Today, 40% of the earth’s residents live in regions where the environmental ecosystems and the natural 
resources, mainly the water reserves, are transboundary (Waugh, 2002). The basic terms for the sustainable 
management of these transboundary reserves in cross-border regions is the co-ordination and the management 
of the effects via the exchange of information and keeping the local societies informed. The aim is to activate 
the participation of all interested parties. The Region of Prespa constitutes a part of a cross – border river basin 
that is shared by Greece, Albania and FYROM and includes lake Mikri and Megali Prespa. As agriculture 
constitutes the main expression of the economic activity in the three countries, the constant water needs and 
the combination of water losses because of evaporation and also the very old facilities for the irrigation 
process, and the non-regular management of water (mainly on the Albanian side), result in the overexploitation 
of the waters of Prespa. As a consequence, the collection of water for irrigation purposes must be discussed as 
an environmental pressure in the Prespa region. In the rural lakeside area, a huge degradation of aquifers as 
well as the the underground and surface quality of waters have been observed because of the excessive use of 
agrochemicals and because of the application of old irrigation methods. In the above context a sociological 
research was conducted via questionnaires as well as scenario workshops with the participation of the region’s 
farmers (from the three countries) with the aim of investigating their views and the attitudes on the reduction 
of the water resources in combination with the rural development of the region. The problems that are arising 
in the water management are really important as the agriculture development is closely connected with the 
rational water use (Latsiou and Christopoulou, 2014). During the many years of research in the area we also 
investigated the creation of a network in all three countries to pilot similar quantitative use of water resources 
and arable land in order to indicate the same degree of development in the region in order to save mainly water 
resources in the region. More specifically, the reduction of Micro Prespa’s water level, the increased levels of 
pollution from agricultural sources, the increased consumption of water resources and increased soil erosion in 
the region, cause various changes in the agriculture methods and attitudes of human resources, as a means of 
reduction of the environmental impact on the region and the promotion of ways of development. According to 
the survey results, the application of different types of irrigation in the areas of Prespa in the three countries, is 
a measure that will help to achieve the WFD objectives for water (2000 \ 60) and the Habitats Directive, as the 
main conflict for land uses observed in the region, is the one of the exploitation of agricultural and natural 
ecosystems. The application of such a different method, which is the key to all these malfunctions, as it ensures 
better regulation of the water level of Prespa lakes, in combination with adequate renewal of water from the 
surrounding streams of the region, is a priority issue and a universal demand of the local society especially in 
rates about 70% of new producers. In conclusion, it is really important to record the views of the farmers since 
in this way the area is harmonized with European directives, as the preferences of the local community for the 
protected area, are incorporated into them, creating favorable conditions for further development. 
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Ecosystem services (ES) are the benefits that people obtain from ecosystems and represent a meaningful 
and efficient way through which to understand human relationships with nature and to design 
environmental policies (McCauley 2006, Brauman et al. 2007, Carpenter et al. 2009, Daily et al. 2009, 
Perrings et al. 2014, Seidl 2014). Ecosystems are supporting human well-being by provisioning services, 
such as food or water, regulating services, such as flood, erosion, disease, and climate change control, 
and supporting services, such as primary production and nutrient cycling, which are the backbone of a 
sustainable provisioning of the above services (MEA 2005). Ecosystems are also providing humans with 
cultural services, such as spiritual, recreational, and cultural benefits(MEA 2005).Provisioning services 
have direct links to human needs for nutrition, shelter, or safety and are relatively easy to quantify 
economically (Costanzaet al. 2014), while regulating or supporting services have more complex 
relationships with humans, although societal issues like climate change or extreme events are increasingly 
bringing public attention to them (Daniel et al. 2012). Although most cultural services have 
straightforward links with humans and are often used to raise public attention and support for protecting 
ecosystems (Gobster et al. 2007, Daniel et al. 2012), they cannot be quantifiedmonetary.Yet, there is 
growing demand for their incorporation into environmental policy agendas (Carpenter et al. 2009, Mace 
2014). 

Ecosystem management aims today at ensuring a sustainable provisioning of ES to society while 
maintaining the integrity and biodiversity of ecosystems (Mace 2014). This ES approach has evolved the 
past decade through several conceptual developments. The Millennium Ecosystem Assessment (MAE 
2005) highlighted the importance of ES for sustaining human well-being. A few years later, The 
Economics of Ecosystems and Biodiversity (TEEB 2010) provided insight in the economic significance 
of ecosystem by quantifying their monetary value. Ever since, the ESapproach has rapidly gained 
importance at the policy level and even led to the establishment of the International science-policy 
Platform on Biodiversity and Ecosystem Services (IPBES) and the incorporation of ES in the 2020 targets 
set by the 10th Conference of Parties to the Convention on Biological Diversity (Carpenter et al. 2009, 
Larigauderie& Mooney 2010, Matzdorf& Meyer 2014).In spite of this recent high profile effortscalling 
for integrating ES values into important societal decisions, such approaches remain poorly developed in 
practice (Goldstein et al. 2012). The initial overly utilitarian perspective of ES (i.e. ecosystem 
management to maximise the value of the human condition) has now shifted to a more balanced one, 
which acknowledges the bilateral relationships between people and nature (Ostrom 2009, Carpenter et al. 
2009, Mace 2014, Palmer et al. 2014). This approach, which spans resource economics, social science 
and theoretical ecology, integrates cultural structures and institutions in the development of sustainable 
interactions between societies and ecosystems (Ostrom 2009, Carpenter et al. 2009, Mace 2014).  

A key challenge in ecosystem management is to deal with multiple ES across landscapes (Kareiva et al. 
2007, Raudsepp-Hearne et al. 2010). The concept of ESbundles has emerged as a useful tool for 
identifying ecosystem service synergies and trade-offs resulting from stakeholders’ diverging interests 
and knowledge (Raudsepp-Hearne et al. 2010, Maes et al. 2012). For example, important provisioning ES 
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such as water abstraction can lead to tradeoffs between regulating ES, such as nutrient cycling and 
biodiversity and cultural ES, such as fishing or recreational activities. Determining the motivations for 
protecting ES helps to understand which services are relevant for different stakeholders and which trade-
offs or synergies need to be addressed when making management decisions. ES bundles are defined as 
sets of ES that repeatedly appear together across space and time. ES bundles can be associated in the 
landscape to areas with distinct social-ecological dynamics and therefore, their analysis can identify areas 
in a landscape where ecosystem management has promoted or altered sets of ES (Raudsepp-Hearne et al. 
2010, Seppelt et al. 2011). 

All rivers and streamsprovide ES, often referred as hydrologic ecosystem services (Brauman et al. 2007, 
Palmer et al. 2009, Bangash et al. 2013). From the supply of water for household, agricultural or 
industrial uses to the mitigation of flood and drought damages, aesthetic and recreational values, societies 
are strongly relying on the numerous hydrologic ES (Brauman et al. 2007, Palmer et al. 2009).WhereasES 
have been intensively studied and quantified in perennial rivers and streamsin the past 2 decades (Palmer 
et al. 2009, Bangash et al. 2013), intermittent rivers and streams (IRES) -those experiencing flow 
cessation and/or drying events in space and time- have been completely overlooked (Boulton 2014, REF 
MS IRBAS Andrew). This omission is rather dramatic considering the prevalence of IRES on Earth, 
making up to 50% of river networks (Tooth 2000, Larned et al. 2010, Datry et al. 2014) and the physical, 
functional and biological links IRES have with perennial waterways (Acuña et al. 2014, Dahm et al. 
2015). Moreover, IRES are expanding and once-perennial rivers are becoming intermittent (Larned et al. 
2010, Gleick&Palaniappan 2010, Jäeger et al. 2014), so it is important to identify what ES will be lost 
and gained. Last, due to a negative perception from people, scientists and managers, IRES have been 
degraded and even buried at alarming rates (Steward et al. 2012,Acuña et al. 2014, Boulton 2014).  

In this chapter, we address the bilateral relationships between IRES and human through the ES lens. We 
start to determine the multiple ES that IRES provide to human and then quantify the monetary value and 
the socio-cultural value of some key ones. We then review the societal perception which IRES are 
receiving from humans and explore its current changes to determine how the bilateral relationships 
between IRES and human may change in the near future in a context of water scarcity and global change. 
We end this chapter with a prognosis about the future of ES in IRES and by providing a roadmap for 
improving the inclusion of IRES into current water resource management plans. 
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There is an increasing consensus that global climate change occurs and that potential changes in climate 
are likely to have important regional consequences for biota and ecosystems, especially in area having 
vulnerable water resources as the case of Chtouka Ait Baha region (South of Morocco). The current water 
resources management systems have to be improved as they are still inefficient and unsustainable and 
water resources managers should start implementing adaptive and sustainable strategies to cope with 
negative impacts of climate change. Therefore, this study aims to evaluate the effect of expected changes 
in precipitation and temperature distributions in regional climate change projections on the availability of 
water resources for agriculture. Generated scenarios and models will help to better understand futures 
uncertainties and alternative, in order to consider how robust different decisions or options may be under 
a wide range of possible futures. 

First, we built the historical baseline of precipitation and temperature using satellite data from different 
available sources such as Climate Hazards Group InfraRed Precipitation with Station data (CHIRPS), 
Tropical Rainfall Measuring Mission (TRMM), Climatic Research Unit (CRU), ERAinterim. After 
comparison and statistical analysis, CHIRPS precipitation data have been chosen because they have the 
highest resolution (0,05°) and better correlation with observed data coming from Souss Massa Draa 
Hydraulic Basin Agency (ABHSMD) (R2 = 82%). Temperature data from ERAinterim were used 
because they have the highest resolution (0,75°) among other sources. Historical data (CHIRPS and 
ERAinterim) and future projection of both downscaled temperature and precipitation using the 
Coordinated Regional Climate Downscaling Experiment database (CORDEX) have been provided by 
ICBA MAWRED project. Projections are generated for two future periods (2030-2049 and 2080-2099) 
under two Representative Concentration Pathways: RCP 4.5 and RCP 8.5. Climate change models 
including HIRHAM, CCLM, RACMO, REMO, CNRM and WRF have been evaluated by calculating 
their bias. Spatial distribution maps of historical and projected temperature and precipitation are obtained 
using the kriging method. 

The results show that temperature is likely to be increased more under RCP 8.5 which confirm most of 
studies conducted on climate change in other regions of the world. The most optimistic model is 
HIRHAM and the most pessimistic is CNRM model. Temperature will increase for most models by 3 °C 
in the horizon of 2030-2049 and by 4 to 5°C toward the end of the 21st century. Regarding changes in 
precipitation, most of models under RCP 4.5 emission scenario show a reduction of 10 to 30% in the 
horizon of 2030-2049 and up to 60% in the horizon of 2080-2099. Precipitations will be decreased 
dramatically under RCP 8.5 emission scenarios, about 80% under pessimistic model and 40% under 
optimistic model towards the end of the century.This study suggests several adaptive management 
strategies (e.g. artificial groundwater recharge, wastewater reuse, desalination of sea water, efficient 
irrigation management…etc.). These strategies vary according to their action on water demand or supply 
and according to their implementation (feasibility, effectiveness, costs, flexibility, implementation time, 
uncertainty, etc.)  
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